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BLACK DAMP IN MINES. 


By G. A. Burreti, I. W. Roperrson, anp G. G. OBERFELL. 


INTRODUCTION. 


The Bureau of Mines, in pursuing investigations looking to greater 
safety in mining, has analyzed samples of the air in many different 
coal mines in the United States, and has studied the analyses. This 
report presents the results of one phase of this study and shows how 
atmospheric air, after entering a coal mine, loses oxygen and gains 
carbon dioxide with resulting formation of so-called black damp. 
Also the report discusses the effects of the constituents of black damp 
on men, on the burning of oil and acetylene lamps, and on the ex- 
plosibility of methane. 

The term “black damp” was and still is widely used to designate 
accumulations of carbon dioxide, but a more exact definition of black 
damp, as Haldane, the English physiologist, has pointed out, is an 
accumulation of carbon dioxide and nitrogen in proportions larger 
than those found in atmospheric air. The reasons for preferring Hal- 
dane’s definition are given on succeeding pages. 


COMPARISON OF ATMOSPHERIC AIR WITH MINE AIR. 


When atmospheric air enters a coal mine, it changes in composition 
according to (1) the velocity with which it traverses the workings; 
(2) the amount of coal with which it comes in contact—that is, the 
extent of the mine workings that it traverses; (8) the gaseous nature 
of the seam; (4) the tendency of the coal to absorb oxygen; and (5) 
_ the temperature and wetness of the mine. 

As regards the details mentioned, the governing conditions are as fol- 
lows: (1) Other things being equal, more carbon dioxide and methane 
are present and there is a greater deficiency of oxygen at places where 
the air is still, as at working faces and in old workings. (2) The purity 
of the air depends on the distance it has traveled, so that in a well- 
ventilated mine the air is purer at working faces near the shaft than 
at those that are remote. In the same mine the air will be fresher 
and purer when the mine is ventilated by a split system than when 
the air traverses each working face and entry. (3) Some mines vary 
greatly as regards the generation of methane. Methane is not only 
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dangerously inflammable, but, if introduced in large proportions at 
some parts of a mine, it lowers the oxygen content of the atmosphere to 
such an extent that the atmosphere will not support the combustion 
of lamps or even will not support life. (4) Coals differ as regards 
their power of absorbing oxygen. Absorption of oxygen is never 
accompanied by a molecular proportional increase in the amount of 
carbon dioxide produced, for the oxygen combines with certain 
unsaturated hydrocarbon compounds in the coal. (5) The amount 
of water vapor in air is principally a function of the temperature of the 
air; hence, if air that is comparatively dry enters a mine, if the tem- 
perature of the mine is higher than the outside temperature, and if 
the mine is comparatively wet, then the proportion of water vapor 
taken up by the mine air may be greatly in excess of that in the 
atmospheric air. | 

In mines other than coal mines the chief factors that decrease 
the oxygen content of the mine air are the velocity of the air cur- 
rent, the extent of the workings traversed by the air, the amount of 
oxygen taken from the air, and the amount of carbon dioxide or other 
suffocating gases added to it by the decay of mine timbers, the burn- 
ing of lights, the breath of men and of animals, and the oxidation of 
minerals, and also by the gases given off from the rocks penetrated. 


COMPOSITION OF THE ATMOSPHERE. 


Pure dry air as analyzed contains, by volume, 20.93 per cent of 
oxygen, 0.03 per cent of carbon dioxide, and 79.04 per cent of nitrogen. 
Included in the nitrogen content are the four inactive gases—argon, 
krypton, neon, and xenon. These, with the exception of argon, which 
constitutes 0.94 per cent of air, are present in exceedingly small pro- 
portions. Water vapor is also present in the air, varying greatly in 
amount at different times and in different places. The temperature 
of the air is the most important factor in determining water-vapor 
content. 

Different analysts have found that pure air differs slightly in com- 
position from the figures given above, but these variations, with the 
exception of carbon dioxide, for which the occasional variation may 
be one or two hundredths of 1 per cent, are due to unavoidable 
maccuracies in the analyses. Pure air has the same composition by 
volume at sea level or on mountain peaks or at heights that may be 
reached only with balloons. This constancy of composition is ~ 
brought about by a gaseous exchange between the plant and the ani- 
mal life, because animals throw off carbon dioxide, whereas all the 
higher forms of plant life absorb it. All of the carbon dioxide of the 


living world comes from the 0.03 per cent of carbon dioxide in the 
atmosphere. 


EFFECTS ON MAN OF VARIATIONS IN COMPOSITION OF ATR. 7 
TRANSFER OF OXYGEN AND CARBON DIOXIDE IN BREATHING. 


When a man breathes, air enters the lungs. The oxygen from the 
air passes through the delicate lining membrane of the air cells of 
the lungs into the blood, where it forms a loose chemical combination 
with the hemoglobin in the red corpuscles. \Thus loosely combined 
the oxygen is conveyed to the heart, and thence through the arteries 
to the capillaries, where it separates from the hemoglobin and 
passes through the capillary walls to the tissues, where it is con- 
sumed. Carbon dioxide passes from the tissues in a corresponding 
manner, forms a loose combination (as bicarbonate and possibly other 
compounds) in the blood and is conveyed by the veins to the lungs, 
where the combinations break down, and the carbon dioxide passes 
from the lining membrane of the lungs into the breath. 


_ EFFECTS ON MAN OF VARIATIONS IN COMPOSITION AND AMOUNT 
OF AIR. 


EFFECT OF CARBON DIOXIDE. 


As regards the amount of carbon dioxide present that may give 
rise to symptoms of poisoning, Haldane and Smith @ carried out a 
number of experiments on animals and men and demonstrated that 
these symptoms did not begin to appear till 3 tc 4 per cent of the 
gas was present, when the breathing became slightly affected. Men 
can, however, go on working for a considerable time in this atmos- 
phere without feeling serious discomfort, although they will certainly 
become quickly fatigued, and great exertion will cause panting; but 
Haldane kept animals for weeks in this atmosphere without causing 
them much inconvenience. <A proportion of 7 to 8 per cent causes 
more apparent symptoms, and with 10 per cent the distress is great, 
the headache becomes much more severe, there is marked dyspnea, 
throbbing pulse, and flushing of the face, and the gas begins to have a 
stupefying effect. With 12 to 15 per cent, cerebral symptoms appear, 
and the patient soon becomes unconscious. Death may take place 
after exposure for several hours to 25 per cent, but Haldane found 
that some animals may breathe a much greater percentage, even 50 
per cent, without dying. 

The concentration of carbon dioxide in the lungs is automatically 
regulated, so that it is remarkably constant, practically without rela- 
tion to changes in the rate of breathing, provided respiration is not 


a Haldane, J. S., and Smith, Lorain, Physiological effects of air vitiated by respiration: Jour. Path. 
Bact., vol. 1, 1892 ,p. 174. 
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forced. This relation was shown by experiments of Haldane and 
Priestly,* the results of which follow: 


Results of veperiments of Haldane and Priestly to determine relation between rapidity of 
respiration and concentration of carbon diowxide,in lungs. 


Proportion of carbon dioxide 
in alveolar air— 
Respira- 
Subject. tions per 
minute. | Atend | Atend 
ofinspi- | ofexpi- | Mean. 
ration. | ration. 


—————. | —— | — | 


Per cent. | Per cent. | Per cent. 


9 5.59 5. 87 oanhes 

Joskrbaldane J. 2 ee EE: REE ee anise ee { 19 556 5, 70 5.63 
9 5.30 5.4 5. 

Dow wliwas Apate Fah Dee Bah ae { S br _ 7 at 

: 10.5 5.95 6. 6.35 

JeGs Priestly ..2. S52. RO: ae eee eee Sear aes { 30 5.98 6.05 6.02 





Even during muscular exertion Haldane ® and Priestly found that 
when the percentage of carbon dioxide in the inspired air was 
increased to 4 or 5 per cent the partial pressure of the carbon dioxide 
in the air in the air cells of the lungs was practically constant. 

The effect of breathing air containing carbon dioxide is to stimulate 
the so-called respiratory center in the brain and increase the depth 
of breathing. This increase in the depth of breathing is brought 
about by the smallest increase in the percentage of carbon dioxide 
in the inspired air, and is sufficient to keep constant the percentage 
of carbon dioxide in the alveoli, or air cells, of the lungs. This 
response of the respiratory center of the brain to carbon dioxide 
is seen during muscular work. The latter increases the production 
of carbon dioxide in the arterial blood, resulting in an involuntarily 
increased depth of breathing proportionate to the extra production 
of carbon dioxide, hence there results the rapid breathing (hyperp- 
noea) seen during exercise. So small an amount of carbon dioxide 
in the atmosphere as 1 or 2 per cent does not materially endanger the 
life and comfort of those who breathe it, but does decrease their 
- efficiency as workmen. A man is forced to breathe a larger amount 
of air in a given time, and this breathing consumes energy just as the 
work he is doing consumes energy. 

An increase of 50 per cent in the amount of air breathed is brought 
about by the presence of 1.4 per cent CO, in the inspired air, according 
to Douglas, Haldane, Henderson, and Schneider.? They add that 
panting then becomes excessive even if a man does a great deal less 
muscular work than he could do in normal air. 





a Haldane, J. S., and Priestly, J. G., The regulation of the lufng ventilation: Jour. Physiol., vol. 32, 1905, 
p. 225. | : 

b Douglas, C. G., Haldane, J. S., Henderson, Y., and Schneider, E. C., Physiological observations made 
on Pikes Peak, Colo.: Philos. Trans. Roy. Soc. London, ser. B, vol. 203, February, 1913, pp. 220-221. 


EFFECTS ON MAN OF VARIATIONS IN COMPOSITION OF ATR. 9 
EFFECT OF DIMINISHED OXYGEN SUPPLY. 


Abnormally rapid breathing is also brought about by want of 
oxygen. In some individuals such breathing is produced when the 
oxygen percentage of the air is less than 13 (normally about 21) per 
cent. Rapid breathing is produced much more quickly by excess 

_ of carbon dioxide than by a corresponding deficiency of oxygen. The 
important practical point to remember is that rapid breathing caused 
by carbon dioxide starts long before danger becomes serious, whereas 
when it is produced as the result of a deficiency of oxygen it is a 
erave symptom and points to serious danger. 

Bert “showed that the abnormal symptoms and dangers associated 
with low barometric pressure depend, not on the diminished mechan- 
ical pressure, but on the diminished partial pressure of the oxygen and 
consequent imperfect aeration of the arterial blood with oxygen. 
He found that definite symptoms of want of oxygen began to appear 
whenever the partial pressure of the oxygen was reduced below a 
certain limit. Thus at ordinary atmospheric pressure a cat died when 
the ‘proportion of oxygen was reduced to about 4.5 per cent, or a 
partial pressure of 4.5 per cent of an atmosphere. At a barometric 
_pressure of 0.5 atmosphere, on the other hand, the animal died when 
the oxygen was reduced to about 9 per cent, which is again 4.5 per cent 
of an atmosphere, and at a pressure of 2 atmospheres a reduction 
of the oxygen percentage to 2.25 per cent was needed. He established 
the general law that the physiological action of a gas depends on its 

partial pressure, and further showed that the percentage by volume 
of oxygen taken up by the blood either in the lungs or outside the 
body depends on the partial pressure of the oxygen, and is greatly 
reduced when the lowering of oxygen pressure becomes dangerous. 

When men or animals, even though at rest, are subjected to atmos- 
pheres deficient in oxygen or at low pressures, marked hyperpneea is 
rapidly produced. Marked hyperpnceea caused by oxygen want is 
only temporary, and is due to the fact that the want aids carbon 
dioxide in exciting the respiratory center.2 For a short time the 
proportion of carbon dioxide already present in the blood and tissues 
is more than enough to excite the center. When the excess has been 
eliminated by a temporary hyperpneea the breathing again becomes 
quiet, and if the transition to want of oxygen is gradual the tem- 
porary marked hyperpneea is not noticed. Want of oxygen without 
the aid of carbon dioxide does not excite the respiratory center at all.° 

a Bert, Paul, La pression barométriqué, 1878. 
b Haldane, J. S., and Poulton, E. P., Effects of want of oxygen on respiration: Jour. Physiol., vol. 37, 


1908, p. 390. 
¢ Henderson, Yandell, Apnoea and shock: Am. Jour. Physiol., vol. 25, 1910, pp. 310, 385. 
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EFFECT OF AIR AT HIGH ALTITUDES. 


Men ascend to high altitudes where the air is ‘‘thin,” and conse- 


quently the partial pressure of the oxygen as compared with that at 
sea level is small. Under the same conditions of temperature and 
pressure the expansion of different gases is practically the same. 
Hence the proportion by volume of oxygen, nitrogen, etc., In air 
remains the same, no matter what the altitude, but the percentage 
by weight varies as the pressure changes. Air at sea level and at a 
barometric pressure of 760 mm. contains, by weight, about 23 per 
cent of oxygen, but at half that pressure, or 8380 mm., contains only 
half of 23 per cent, or 11.5 per cent. 

The table following shows the barometric pressures at different 
heights, also the partial pressure of the oxygen—that is, the per- 
centage of oxygen that would correspond to the same attenuation 
of air at sea level. 


Partial pressures of oxygen corresponding to different barometric pressures. 


Altitude. Partial 
Baro- pressure of 
Inches of metric oxygen 
mercury. | pressure, | compared 
Meters. Feet. mm. of Hg. | to pressure 
at sea level. 
0 0 30.0 760 21 
1,000 3, 280 26.0 670 18.5 
2,000 6, 560 23.4 592 16.3 
3, 000 9, 840 20.6 522 14.4 
4,000 12, 290 18:2 460 12.7 
5, 000 16, 405 16.0 406 1.2 
6, 000 19, 580 15. 4 358 9.9 
7, 000 22, 965 12.5 316 8.7 
8, 000 26, 245 11.0 279 deel 


In explorations of the Himalayas the Duc d’Abruzzi and his 
companions climbed to a height of 24,580 feet, the barometric pres- 
sure being 312 mm., and the partial pressure of the oxygen about 8 
per cent.? At this point the explorers felt no discomfort during rest 
and seemingly did not experience any difficulty in performing the 
work required in climbing. 

However, after the explorers had lived for several weeks at a height 
of 17,000 feet above sea level, the atmosphere did work some harm- 
ful effects, revealed only gradually in a slow decrease of appetite 
and consequent lack of nourishment, but without any disturbance of 
digestion. Of course, ultimately this insufficient nourishment would 
have caused a lowering of vitality, loss of flesh, and a certain amount 
of anemia. However, the effect was so slow that even at the end 
of two months the men were able to make long marches without 
becoming excessively tired. : 





@ Filippi, Di Filippo de, Karakoram’and western Himalaya, 1909, pp. 361-368. 


EFFECTS ON MAN OF VARIATIONS IN COMPOSITION OF AIR. Il] 


Many people are affected at a height of 6,000 to 9,000 feet. Every- - 
body suffers from shortness of breath and fatigue at 12,000 feet, and 
serious symptoms frequently develop at 16,000 feet. At this height 
the partial pressure of the oxygen corresponds to air at sea level 
containing about 11.5 per cent oxygen. However, people can live 
at very high altitudes. In Peru, Bolivia, and northern Chile a large 
‘proportion of the population live above 10,000 feet. The elevation 
of the observatory at El Mista, in the Andes, is about 19,000 feet. 
It takes time, however, for the body to adapt itself to such an attenu- 
ation of the air. A person unaccustomed to it and suddenly plunged 
into such an atmosphere would experience severe distress. 


EFFECT OF BREATHING A DECREASING OXYGEN SUPPLY. 


Some instructive experiments on this point, in which one of the 
authors participated, are described in Technical Paper 122% and 
summarized in Technical Paper 109.° The experiments were made 
under the direction of Yandell Henderson, professor of physiology at 
Yale University. 

A man breathed air in and out of a bag having a capacity of about 
70 liters. By means of a can of caustic potash inserted between the 
- man’s mouth and the bag the exhaled carbon dioxide was removed. 
Under these conditions, of course, the oxygen content of the air 
breathed gradually fell. When it had fallen to about 7 per cent the 
subject lost consciousness for a few seconds. 

The mode. of action of the ‘‘oxygen want” is instructive. The 
subject felt no urgent warning symptoms up to the time of collapse. 
In fact, he wanted to continue, and just before collapse made a show 
of resistance against discontinuing the experiment. He felt no real 
distress until some time after the experiment. The next day he was 
decidedly unwell. 


EFFECT OF A MINE ATMOSPHERE LOW IN OXYGEN. 
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In its insidious action ‘‘oxygen want” acts as carbon monoxide 
frequently does, that is, when the oxygen is slowly decreased. One 
difficulty in comparing the mode of action of the two lies in the scarcity 
of experimental data regarding the effects on men of atmospheres 
containing small percentages of oxygen. 

Much light is thrown on the action of the two gases by an accident 
that occurred in the Lodge Mill Colhery, Huddersfield, England.° 





a Burrell, G. A., and Oberfell, G. G., Effects of atmospheres deficient in oxygen on small animals and 
on men: Tech. Paper 122, Bureau of Mines, 1915, pp. 7-9. 

b Burrell, G. A., and Oberfell,G. G., Composition of natural gas used in 25 cities, with a discussion of the 
properties of natural gas: Tech. Paper 109, Bureau of Mines, 1915, pp. 16-18. 

¢ Lloyd, W. D., The use of rescue apparatus at Lodge Mill Colliery, Huddersfield: Coll. Guard., vol. 106, 
Nov. 7, 1913, p. 957. 


12 BLACK DAMP IN MINES. 


Three men were in a disused part of the mine, and two of them, 
A and B, were overcome by the black damp at 3.30 a.m. A third, 
C, was overcome at 4 a. m. in an attempt to rescue his comrades. At 
1 p. m. of the same day rescuers equipped with breathing apparatus 
removed C and about an hour later removed A. A little later B was 
found dead. Both A and C were in a critical condition but still 
breathing. A died three days later. The air in which the men were 
overcome contained a high percentage of methane and had a corre- 
spondingly low oxygen content. Haldane,“ in speaking of this 
disaster, made the following comment: 

All the facts recorded indicate that the men were overcome by the insufficiency 
in the oxygen percentage of the air. There was no reason to suspect the presence of 
carbon monoxide as there was no gob fire or heating. In addition, the blood of the 
dead man was black, not red, as it would have been if death had been due to carbon 
monoxide. Itis probable that sufficient fire damp was present to reduce the oxygen 
to 7 or 8 per cent. The fact that A did not recover was due to exactly the same cause 
which often prevents men recovering after severe carbon monoxide poisoning. The 
tissues have been severely damaged by the prolonged exposure to dearth of oxygen, 
so that, although the oxygen supply is completely restored, recovery is doubtful. In 
the case of A the post-mortem examination revealed the fact that the heart was dilated. 
Probably the heart muscles and the other tissues were in a condition of fatty degen- 
eration caused by the want of oxygen. The writer has seen other similar cases of 
dilatation simulating severe heart disease, and only slowly recovering after prolonged 
exposure to carbon monoxide poisoning. So far as he is aware, however, this is the 
only recorded case of death, after partial recovery, from exposure to an atmosphere 
which was simply deficient in oxygen, apart from the presence of carbon monoxide. 


EFFECT OF ATMOSPHERES LOW IN OXYGEN ON CANARIES AND 
MICE. 


Some experiments to determine the effect of atmospheres low in 
oxygen on mice and canaries, performed by the authors of this bul- 
letin, are described in Technical Paper 122. In conducting the 
experiments, atmospheres containing various percentages of nitrogen 
and oxygen were prepared in 10-liter bell jars. For the nitrogen 
supply a tank containing nitrogen with a small percentage of oxygen 
was obtained. The atmosphere in the tank analyzed 97.8 per cent 
nitrogen and 2.2 per cent oxygen. 

In the experiments with canaries three birds, designated A, B, 
and C, were used. Tabulated results of the experiments follow: 








a Haldane, J. S., Note on paper by W. D. Lloyd: Coll. Guard., vol. 106, Nov. 7, 1913, pp. 957-958. 
> Burrell, G. A., and Oberfell, G. G., Effect of atmospheres deficient in oxygen on small animals and 
on men: Tech. Paper 122, 1915, pp. 5-6. 
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TABLE 1.—Results of experiments to determine effect on canaries of breathing atmospheres 
low in oxygen. x 





Trial 
No. Canary. 


At beginning. At end. 

Oxy- | Nitro- |Carbon; Oxy- | Nitro- 

gen. gen. jdioxide.| gen. gen. 

ECE a | ee to Cb we lose os COce tiation Chat |mekaen Cle 
Bees. 9.42 } 90.48 0. 10 8.50 | 90.90 
Ce 9.25 | 90.65 gel Opal rb teate dG eameeenas bate 
LATE aa 7.65 | 92.25 10 7.55 | 92.05 
a bet 7.83 | 92.07 oO Meera eae ce leere sees 
EAP 7.10 | 92.80 .10 





Composition of atmosphere during experiment. 





Effect on canary. 
Carbon 
dioxide. 
P. ct. 

0.60 | Immediate distress evinced by rapid 
breathing, open bill, and tendency 
to wabble. In 10 minutes the bird 
was seemingly in normal condi- 
tion except for slightly increased 
rate of breathing. It was removed 
from the atmosphere after 1 hour. 

Behaved similarly to canary B in 
trial 1. 
.40 | Showed immediate distress by pant- 


ing and unsteadiness, but did not 
collapse. It did not evince any 
more distress than canary B in 
trial 1. It was left in the atmos- 
phere for 1 hour. 

Collapsed as soon as it was placed in 
the atmosphere. It breathed very 
slowly, with eyes and bill closed, 
but recovered its normal state in 
less than a minute after it had been 
removed to fresh air. 

Showed distress, but did not collapse 
in 20 minutes. When canary C 
was placed in the atmosphere it 
immediately collapsed. 








The next experiments were made with white mice instead of 


* canaries. 


Tabulated results follow. 


TABLE 2.—Results of experiments to determine effect on white mice of atmospheres deficient 


Trial 
No. 


_ 


Oh 


m oxygen. 


Composition of atmosphere during experiment. 


At beginning. At end. 
Oxy- | Nitro- |Carbon| Oxy- | Nitro- |Carbon 
gen. gen. |dioxide.| gen. gen. j|dioxide. 
Palla. cl. | Pact Pe Clonee Choma «Cl. 
7.07 | 92.83 0.10 7.75 | 92.05 0. 20 
6.89 | 93.01 .10 7.12} 92.78 .10 
6.70 | 93.00 1 My ey ge aN a NB 
5. 90 94.00 SLO See chee. ee eee Se 


Effect on mouse. 


Showed immediate symptoms of distress. At 

times it appeared normal and again ap- 
eared sluggish. Did not collapse. It was 

eft in the atmosphere 1 hour. 

Same as on mouse in trial 1. 

Same as on mice in trials 1 and 2. 

Showed immediate distress.and collapsed in 
6 minutes. One minute after removal from 
the atmosphere it was on its feet. 
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GENERAL COMMENTS ON TESTS. 


Canaries show some distress in atmospheres containing 9.4 per cent 
oxygen. ‘The distress is more pronounced in atmospheres containing 
as low as 7.6 or 7.8 per cent, but even in an atmosphere containing 
as little as 7.1 per cent of oxygen they may or may not collapse. 
Mice are slightly more resistant to atmospheres low in oxygen. In 
an atmosphere containing about 7 per cent of oxygen they show some 
distress and become more or less sluggish if left in it. One mouse 
resisted an atmosphere containing as little as 5.9 per cent of oxygen 
before it collapsed. With that percentage, collapse did not occur 
until the mouse had been exposed for 6 minutes. 


EFFECTS OF OXYGEN DEFICIENCY AS SHOWING RELATIVE VALUE 
OF BIRDS AND MICE IN EXPLORING MINES. 


From the foregoing experiments on birds, mice, and men, it will 
be seen that oxygen want begins to affect men in about the same 
time as it does mice and canaries, and the percentages that cause 
collapse are not much different. Animals differ shghtly as to their 
resistance to collapse in atmospheres low in oxygen, and presumably 
the same is true of men. The fact is evident that exploring parties 
in mines can, not satisfactorily use birds and mice to detect atmos- 
pheres low in oxygen. 

Canaries are of chief value in showing by their behavior the pres- 
ence of carbon monoxide. Afterdamp may contain enough oxygen, 
about 17 per cent, to support the flame of an oil-fed lamp, so that 
exploring parties entering it would have no means of knowing that the 
air is low in oxygen, although the presence of dangerous percentages 
of carbon monoxidecould be detected by the action of the canaries, even 
if it is not shown by the flame of thesafetylamp. When mine-exploring 
parties, unequipped with breathing apparatus, reach an atmosphere in 
which oil lamps are extinguished, they are likely to proceed close to or 
into dangerous atmospheres if they advance farther, even if provided 
with canaries for detecting vitiated air. The acetylene lamp does not 
become extinguished until the proportion of oxygen falls to about 13 
percent. Insuch an atmosphere a party is not in immediate danger, 
although close at hand there may be atmospheres considerably lower 
in oxygen, and hence dangerous, into which a person might walk in 
a very short time. However, any party exploring a mine after a 
disaster and using canaries would also be equipped with oil safety 
lamps and with electric lamps, so that acetylene lamps need hardly 
be considered. 


VENTILATION OF BUILDINGS ABOVE GROUND. 15 


EFFECT OF TEMPERATURE AND MOISTURE ON MAN. 


The temperature of the atmosphere is important in that it governs 
the capacity of air for absorbing moisture. A hot, moist atmosphere 
prevents the evaporation of perspiration from the body. If, in 
addition, hot, moist air is stationary, it becomes entangled between 
the clothing and skin, and becomes warmed to body temperature. 
-Hence, the body can not lose heat to the air, and the skin becomes 
warmed and bathed in perspiration. Putting a fan in operation 
whirls the hot, warm air away from the body and allows cooler air 
to take its place, accounting for the beneficial effect of a fan in a 
room, even if fresh outside air is not finding access. If the wet-bulb 
temperature is 99° F. (body temperature), the body will not lose 
heat, but if the external temperature is 79° or 69° F., perspiration 
can, evaporate. Experience has taught that when the wet-bulb 
temperature exceeds 75° F. the amount of work that a man can do 
begins to fall off. Ventilating engineers in this country try to ar- 
range ventilating equipment so that a wet-bulb temperature of 72° F. 
will not be exceeded. They aim to maintain a relative humidity 
varying between 30 and 80 per cent. The standard for dry-bulb 
temperature is about 68° F. 

Cadman and Whalley,’ in an investigation of ventilation in Eng- 
lish coal mines, observed that at a wet-bulb temperature of 72° F. 
heavy clothing was removed and only light clothing worn. At 80° F. 
hard work was possible, provided the maximum body surface was 
exposed, the capacity for work being greatly increased, however, if a 
current of air or a breeze passed over the body. With wet-bulb 
temperatures of from 80° to 85° F. work was seriously affected, and 
hard work was almost impossible. 


VENTILATION OF BUILDINGS ABOVE GROUND. 


In designing the ventilation systems of public buildings, houses, 
and other places where people meet, the effects of carbon dioxide 
and oxygen are subordinated to other conditions, such as tempera- 
ture, humidity, and keeping the air moving. At sea level, in the 
- most ill-ventilated room, the weight of the oxygen in a cubic foot of 
the air never is as low as in the open air at high altitudes, and it is 
seldom that the carbon dioxide content rises above 0.10 or 0.20 per 
cent, although the air in such a room may be unfit to breathe. 

The ventilation in rooms is not essentially a matter of correcting 
diminished oxygen or increased carbon dioxide but of keeping the 
temperature, the relative moisture, and the movement of the air in 
a proper state. However, in the ventilation of rooms where people 


_ @Cadman, John, and Whalley, E. B., Report of an inquiry into the ventilation of coal mines and the 
methods of examining for fire damp: Royal Commission on Mines, England, 1909, p. 4. 
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congregate the carbon dioxide and the oxygen tests may be excel- 
lent criterions of the state of ventilation. Haldane and Osborne % 
have investigated the ventilation of a large number of workshops and 
factories and have recommended that the standard of ventilation be 
such that the proportion of carbon dioxide does not exceed 0.12 per 
cent during daylight or 0.20 per cent after dark when oil or gas is 
used for lighting. The carbon dioxide percentage is specified because 
its determination is easy and its presence a sign that there is no free 
ventilation and that the air tends to become humid and warm. 
However, the vitiation of air in overcrowded rooms may arise from 
the products of disease, want of cleanliness of the occupants, or the 
- roomitself. In fact, air that, judged by the carbon dioxide standard, 
is sufficiently pure, may be exceedingly impure when judged by the . 
number of microorganisms in it, and vice versa. The test of smell, 
of feeling of comfort or discomfort, in breathing the air of a room may 
give results equally at variance with the carbonic acid test. Some 
people are more influenced by odor, others by an increased quantity 
of carbon dioxide or moisture or an increased temperature. 

Men who habitually work in bad air that is not sufficiently tainted 
to cause acute symptoms may suffer from slight anemia, with dis- 
inclination for work, rapid breathing on exertion, lassitude, loss of 
appetite, and other symptoms of indigestion. Return to work in 
better air, however, soon puts them right. 


VENTILATION CONDITIONS IN MINES. 


The foregoing discussion of the factors to be considered in ventila- 
tion studies has largely to do with conditions aboveground and in 
public halls, houses, and other places where people congregate. 
With modifications it is applicable to conditions in coal and in other 
mines. In meetinghouses aboveground the carbon dioxide in excess 
of the proportion found in atmospheric air is principally derived from 
exhaled air, and if present, even in proportions as high as 0.20 per 
cent, is usually a sign of stagnant air and poor ventilation. It has 
been found that this proportion of carbon dioxide usually accompanies 
very bad ventilation in that the air is stagnant and oppressive, with . 
perhaps high temperature and the odor of perspiring bodies. 

In coal mines carbon dioxide arises principally from the action of 
the air on the coal, and 0.2 to 0.3 per cent is frequently found in the 
cool, swiftly moving air of returns, where 50,000 or more cubic feet 
of air is passing per minute and the wet-bulb or dry-bulb tempera- 
ture does not exceed 65° F. The relative humidity may be high, 
almost 100 per cent in many mines, owing to artificial methods of 
watering to allay coal dust, but where the temperatures are not high 


a Haldane, J. S.,and Osborne, O. O., Ventilation of factories and workshops: English Govt. Blue Book, — 
1902. 





VENTILATION CONDITIONS IN MINES. sty 


the high humidity has no bad effect. Hence a proportion of carbon 
dioxide that would be easily tolerated in a coal mine might be indic- 
ative of extremely poor ventilation in the room of a house. 

A similar statement applies to oxygen. The oxygen content is 
scarcely ever normal in a coal mine, owing to the absorption of oxygen 
by the coal; in fact, a diminution of 1 per cent is not uncommon. 
Such a diminution in an assembly room would usually be accompanied 
by intolerable conditions of ventilation. However, the proportion 
of oxygen can not be diminished too much even in mines. It is the 
author’s experience that as little as 19 per cent of oxygen is rarely 
found in the moving air of coal mines. However, at some of the 
working faces of poorly ventilated mines only 17 per cent of oxygen 
is found. 

In mines other than coal mines, carbon dioxide is given off by 
_ the burning of lights, by the decay of mine timbers, and, in some 
mines, by the rocks penetrated. At poorly ventilated working 
places in some metal mines the carbon dioxide content may be dan- 
gerously high or the oxygen content dangerously low, or both con- 
ditions may prevail. 

As indicated above, an oxygen content as low as 17 per cent is 
itself without harm, for people live at altitudes where the proportion 
of oxygen corresponds to this percentage at sea level. The air of 
many health resorts contains even less oxygen by weight than does 
the air of Denver, but the air at those resorts is fresh, moving, and 
invigorating, and usually rather dry. Mine air that contains so 
small a percentage of oxygen is in no sense comparable to the air of 
these health resorts. If the air in a part of a certain mine contains 
only 17 per cent by volume of oxygen not enough fresh air is finding 
access there; that is, the air is more or less stagnant, perhaps with 
all the attendant evils discussed previously. 

The difference between ventilation conditions in buildings above- 
ground and in coal mines is in the degree of vitiation of the air as 
regards low oxygen and high carbon dioxide; aboveground relatively 
small oxygen and carbon dioxide changes—a few tenths of 1 per 
cent—usually represent bad air; belowground these small per- 
centages are insignificant. In England, the law requires that the 
_ oxygen content shall not fall below 19 per cent or the carbon dioxide 
content rise above 1.25 per cent in any part of the mine.* Mines 
in this country can easily meet these requirements. 

The amount of fresh air per man introduced into coal mines far 
exceeds that allotted by architects and engineers for ventilating 
public buildings. As a basis on which to calculate the air necessary 
for proper ventilation of public buildings, one may consider the 











a Coal mines act, Great Britain, 1911. 
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carbon dioxide produced by an adult as 0.6 cubic foot per hour. 
Hence, in 6,000 cubic feet of air, he will produce per hour a pollution 


amounting to 1 part of carbon dioxide in 10,000 parts of air. If the : 


excess of carbon dioxide were to be kept down to this figure it would 
be necessary to supply 6,000 cubic feet of fresh air per hour; if the 
permissible excess was to be 2 parts in 10,000, half this apply would 
suffice, and so on. The amount of fresh air allowed by ventilating 
engineers in this country varies from 1,800 cubic feet per hour per 
person for school buildings, eas, theaters, factories, etc., to 
12,000 cubic feet per hour per person in eer and contagious 
hospitals. 

In the nongaseous bituminous mines of Pennsylvania the mini- 
mum quantity of air per man is 150 cubic feet per minute, or 9,000 
cubic feet per hour. In a mine where explosive gas is penanated in 
dangerous quantities the mmimum is 12,000 cubic feet per hour 
per man. These quantities exceed the quantity stipulated in the 
ventilation of large public halls. Consequently in the moving air- 
ways of such mines the air is fresh and wholesome. ‘The temperature 


is seldom high, and usually bad ventilation exists only at- some 


working faces where the air does not find ready access. 

There has been considerable discussion regarding a scheme pro- 
posed in England to lower the oxygen content of the air in mines to 
a point (about 17 per cent) where the risk from explosion of mix- 
tures of methane and air is reduced. Most mining men are opposed 


to such procedure on physiological grounds. The author’s experience 


has indicated that the oxygen content has to be reduced below this 
figure to lessen appreciably the liability of gas explosions. (See 
pages 24-25.) 

Some investigators have argued that disastrous coal-dust explo- 
sions of recent years can be attributed largely to the better ventila- 
tion of mines at present as compared with the ventilation found 
years ago. To make such a comparison just involves the considera- 
tion of too many factors to warrant discussion here. There is truth 
in the statement, at least as regards mixtures of methane and air, to 
the extent that greater violence is exerted by an explosive mixture 
if the latter has a high initial velocity of its own. ‘The authors 
have seen this demonstrated many times in an explosion gallery of 
their own construction.* But an unbiased consideration of evidence 
accumulated through long experience must lead one to accept the 
necessity of plenty of fresh air. Whether for a miner working under- 
ground, a man at a health resort, or an assemblage in a large public 
building, all the fresh air that can reasonably be obtained is needed. 











@ Details to be published later. The high initial velocities of the gallery tests are, however, probably 
almost unknown in mines where an explosive mixture of methane and air might exist. 
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ACTION OF OXYGEN ON COAL. 


Many investigations have been made into the mode of absorption 
of oxygen by coal, which is of much practical importance, for this 
reaction is mainly responsible for the depletion of oxygen and in- 
crease of carbon dioxide in the atmosphere of a coal mine. The detri- 
mental effect is that in some parts of mines atmospheres are produced 
so low in oxygen that they will not support the combustion of lights 
or that they impair the health of the miners. By sealing off affected 
areas, oxygen absorption by coal can be utilized to extinguish mine 
fires, to prevent spontaneous combustion, or to produce an atmosphere 
so low in oxygen that explosions of methane and air, or coal dust and 
air, can not occur. 

The exact manner in which coal absorbs oxygen is not clearly 
understood. <A solid substance can hold gases actually dissolved in 
its interior. With coal, the absorption of oxygen is complicated by 
the fact that, in addition to this physical action, there is also a very 
complex chemical action. Part of the oxygen is converted into water, 
part into carbon dioxide, and part is retained as combined oxygen, 
producing compounds richer in oxygen than the coal itself. Part of 
the carbon dioxide is retained by the coal, for coal at ordinary tem- 
peratures has an enormous capacity for holding carbon dioxide. 

Many investigations have been made into the absorption and liber- 
ation of gases by coal, as is indicated by the following selected bibli- 


ography: 
Selected bibliography on absorption and liberation of gases by coal. 


AnvERSON, W.C. A contribution to the chemistry of coal, with special reference to 
the coals of the Clyde Basin. Phil. Soc. Glasgow, vol. 29, 1897, pp. 72-96. 

Bepson, P. P. The gases inclosed in coal dust. Chem. News, vol. 68, 1893, p. 187. 

Boupovarp, M. O. Etudes sur les charbons, produits resultant de leur oxydation. 
Bull. Soc. chim. France, ser. 4, t. 5, 1909, pp. 377-380. 

CHAMBERLAIN, R. T. Notes on explosive mine gases and dusts, with special refer- 
ence to the explosions in the Monongah, Darr, and Naomicoal mines. Bull. 26, 
Bureau of Mines, p. 32 (reprint of U. 8. Geol. Surv. Bull. 383Y. 

' Harcer,Joun. The detection of gob fires. Trans. Inst. Min. Eng., vol. 46, 1913-14, 
p. 370. 

LampiouGH, F. E. E., and Hitt, A.M. Theslow combustion of coal and its thermal 
value. Trans. Inst. Min. Eng., vol. 45, 1913, p. 629. 

Parr, S. W., and WHEELER, W. F. Year book of Illinois State Geological Survey. 
Ill. State Geol. Survey Bull. 8, 1907, p. 168. 

TAFFANEL, J. De l’alteration des poussiéres de houille exposées a l’air. Original 
Communications, 8th Int. Cong. Appl. Chem., vol. 10, 1912, p. 277. 

_ THRELFALL, Ricuarp. The spontaneous heating of coal, particularly during ship- 
ment. Jour. Soc. Chem. Ind., vol. 38, 1909, p. 759. 

TrosprinGe, F. G: Gases inclosed in coal and certain coal dusts. Jour. Soc. Chem. 
Ind., vol. 25, 1906, p. 1129. 
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Recent investigations into the action of air on coal are those of. 


Winmill and Graham.? 

Winmill® determined that under his conditions of experiment 
there was little difference between the rates of oxidation by air, 
except for mother of coal and slate, between various parts of a seam 
of coal that he sampled. Hard coal, soft coal, cannel coal, jacks, 
shale, and mother of coal were tried. He also found that the amount 
of oxygen absorbed was roughly proportional to the amount of car- 
bonaceous matter present in each substance. One hundred and 
fifty grams ‘of 200-mesh coal absorbed 169 to 830 c. c. of oxygen at 
a temperature of 30° C. Winmill states that there are two factors 
in the oxidation of coal—a rapid first reaction, which is soon over, 
and a slow reaction, responsible for the major part of the oxygen 
absorption. He found, as have other investigators, that oxidation 
of coal, so rapid that the coal heats up, can take place in the absence 
of pyrites, only a small amount of carbon dioxide being produced. 
From the hard coal at 30° C. less than 20 c. c. of carbon dioxide was 
formed during the absorption of 20 c. c. of oxygen. A reduction of 
the proportion of oxygen to 8.28 per cent (not of the quantity of air) 
did not slow up the reaction very perceptibly. 

With 100-mesh dust the rate of absorption was 72 per cent of that 


re 
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with 200-mesh dust. Increasing the temperature of the experiment — 
from 40° to 60° C. practically doubled the rate of absorption. In ~ 


another communication Winmill°¢ gives the results of some experi- 
ments on the rate of absorption of carbon dioxide by coal. The 
temperature of the experiment was 30° C, The proportion of carbon 
dioxide absorbed by 100 grams of coal varied from 0.97 c. c., with 
0.10 per cent of carbon dioxide in the atmosphere, up to 472 ¢. ¢., 
with an atmosphere containing 100 per cent of carbon dioxide. 


INFLUENCE OF MOISTURE ON RATE OF ABSORPTION OF 
OXYGEN BY COAL. 


Fayol? maintains that there is little evidence in support of the 
view that moisture accelerates the firing of coal heaps. 

Richters * concludes that more oxygen is absorbed by dry than 
by moist coal. 

Mahler’ found that coal in the presence of oxygen under pressure 
absorbed a considerably larger quantity when moist than when dry. 


a Graham, J. I., The absorption of oxygen by coal: Trans. Inst. Min. Eng., vol. 59, Feb., 1915, p. 35. 

bWinmill, T. F., The absorption of oxygen by coal: Trans. Inst. Min. Eng., vol. 46, 1913-14, pp. 
563, 568. 

¢ Winmill, T. F., Op. cit., vol. 48, Feb., 1915, p. 514. 

¢d Threlfall, Richard, The spontaneous heating of coal, particularly during shipment: Jour. Soc. Chem. 
Ind., 1909, vol. 28, p. 763. 

e Threlfall, Richard, Op. cit., p. 759. 

f Mahler, M. P., Experiments on the oxidation of coal: Coll. Guard., 1913, vol. 106, p. 891. 
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Graham * determined that (1) at temperatures below 50° C. coal 
dust when moist absorbs oxygen at a rate approximately half as 
great again as when dry; (2) that coal dust heated for some hours 
at a temperature of 100° C.in a vacuum during subsequent oxida- 
tion absorbs oxygen at the same rate as when not previously heated; 
(3) that the absorption of oxygen by coal is independent of bacte- 
rial activity. | 

Porter and Ovitz? found that 10 kilograms of coal (22 pounds) in 
a bottle absorbed during the first day after mining nearly half the 
oxygen from 10 liters of air and gave off little more than one-tenth as 
much carbon dioxide as would have been formed if all the oxygen had 
combined with carbon to produce carbon dioxide. Four coals that 
Porter and Ovitz tested in bottles absorbed in 7, 9, 10, and 17 months 
4.362, 2.853, 4.115, and 6.935 volumes of oxygen, as compared with 
the volumes of the coals. From time to time the gas that accumu- 
lated in each bottle was drawn off in order ‘to relieve the pressure 
and permit the inflow of oxygen. 

Porter and Ralston’ found that with the same coal the rate of 
oxidation increased from 0.21 ¢. 6. of oxygen absorbed per gram of 
dry coal at 40° C. to 27.68 c. c. absorbed at 200° C., the duration of 
each test being 60 minutes. They found that the oxygen content 
of the air must be reduced below 15 per cent, or to a pressure of about 
100 mm. when pure oxygen is used, before the effect on the rate of 
oxidation becomes serious, and that the presence of as much as 10 
per cent of carbon dioxide in the atmosphere has no retarding in- 
fluence on the rate of oxidation at 200° C. 

Winmill, it will be remembered, found that if the percentage of 
oxygen in air be reduced to 8.20 the reaction did not slow per- 
ceptibly, but his results are not in harmony with those of Porter and 
Ralston. It is certain, of course, that the rate of oxidation must 
eventually fall decidedly when the oxygen content of the air be- 
comes low, and must be zero when the oxygen content of the atmos- 
phere is zero. : 


ABSORPTION OF OXYGEN AND PRODUCTION OF CARBON 
DIOXIDE FROM ATMOSPHERIC AIR BY WOOD. 


Many metal mines are heavily timbered and in some mines, especi- 
ally in dead ends where the air is stagnant, the wood is moist, and 
much timber is present, the carbon dioxide content of the air is 
increased and the oxygen content is decreased. 





aGraham, J.1I., The absorption of oxygen by coal: Trans. Inst. Min. Eng.,vol. 59, Feb., 1915, p. 35. 

b Porter, H. C., and Ovitz, F. K., The escape of gas from coal: Tech. Paper 2, Bureau of Mines, 1911, 
pp. 6-7. 

¢ Porter, H. C., and Ralston, O. C., A study of the oxidation of coal: Tech. Paper 65, Bureau of Mines, 
1914, p. 13. 
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Some results by the authors on the action of air on wood are given 
in Table 3 following. Dried and seasoned pieces of wood plank were 
sawed or shaved to produce sawdust or shavings. The material was 
placed in bottles having a capacity of 2.5 liters and the bottles were 
securely closed. Through each bottle stopper was placed a glass 
tube provided with a stopcock to permit drawing out samples of air 
for analysis. 


Results of experiments to determine effect of wood in changing composition of atmos- 
pheric air. 





First Second Third Fourth Fifth Sixth 
analysis | analysis | analysis | analysis | analysis | analysis 


| Constit of re- of re- of re- of re- of re- of re- 
Kind of wood. Weight. ge t ~ | sidual sidual sidual sidual sidual sidual 
err E air, air, air, air, air, air, 
June 27, | July 15, | July 31, | Aug. 21, | Sept.16, | Dec. 12, 
1913. 1913. 1913.4 1913. 1913. 1915. 








Grams. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 


Cone 0.0 0.15 3.38 11.6 18.9 20.6 

Ash sawdust...-...-- ad ravenna of 20.8 20.8 17.50 a a ‘0 
COs ee ‘0 ops 1.98 4.0 6.0 10.0 

Cypress shavings. . . -. Wee OMe. 20.9 20. 80 18. 75 16.7 14.4 10.1 
COnens 20 20 7.87 16.6 18.0 17.7 

Hemlock sawdust....| 135.5 0777" 20.8 20. 80 12.00 2 0 ; 7 we 

wica NIC Oy Mie "2 9 8.27 7.0 19.2 
Oak sawdust. ....-.-- Ase7 TONG. 5 20.7 20.8 15.05 3.1 1.2 ar 





a Water was added to each bottle 15 days after the tests were started and just prior to these analyses. 
DISCUSSION OF RESULTS. 


The experiments were started on June 6, 1913, and the first anal- 
yses of the residual air were made on June 27, 1913. No appreciable 
change in the oxygen or carbon dioxide content of the residual air 
over the composition of ordinary atmospheric air was noticed. The 
same statement held true of results obtained on July 15, 19138, or 39 
days after the experiments were started. Water was then added to 
each bottle in sufficient quantity to perceptibly moisten the sawdust 
and shavings, and analyses were again made. After 16 days from 
the time the wood had been moistened, analyses were made of the 
residual air, and a marked increase in carbon dioxide and a marked 
decrease in oxygen were found. These changes continued in the 
sawdust samples until the oxygen had practically all disappeared. 
The rate of absorption of the oxygen by the fine cypress shavings was 
slower, probably owing to the fact that the cypress wood was not in 
as fine a state of division as the other woods tried. 

An interesting feature of the results was that the carbon dioxide 
was only slightly less than the molecular equivalent of the oxygen 
consumed. ‘This result differs from that obtained when oxygen is 
absorbed by coal at ordinary temperatures. The amount of carbon 
dioxide produced by coal is invariably less than the molecular equiv- 
alent of the consumed oxygen. In fact, the oxygen may entirely or 
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almost entirely disappear, and there may be present in the residual 
air only 2 or 3 per cent of carbon dioxide. Bacterial action appar- 
ently does not enter into the phenomenon, whereas as regards the 
reaction between wood and oxygen, bacterial action is probably almost 
wholly responsible. 


EFFECT OF LOWERING OXYGEN AND RAISING CARBON DIOXIDE 
CONTENT ON EXPLOSIBILITY OF METHANE-AIR MIXTURES. 


In coal mines, especially if the air is not in rapid circulation, the 
composition of the atmosphere may change quickly. The principal 
changes that affect the explosibility of mine atmospheres are those 
caused by the absorption of oxygen by the coal and the oxidation of 
coal to carbon dioxide. Both of these changes if carried far enough 
can result in so lowering the oxygen content or raising the carbon 
dioxide content that an explosion can not take place even if an ex- 
plosive proportion of methane is present. Therefore, knowledge of 
the propagation of flame in limit mixtures of methane, carbon di- 
oxide, oxygen, and nitrogen is important. 

Haldane @ was the first to publish results of experiments bearing 
on this point. The composition of those mixtures containing the 
smallest percentages of oxygen that he found would completely in- 
flame follows. Haldane presented his results in terms of black damp, 
fire damp, and air. In the following table his results have been 
recalculated to show the percentages of carbon dioxide, oxygen, me- 
thane, and nitrogen: 


Inflammable mixtures containing small percentages of oxygen. 





Mixture No.— COx>. Ovo. CHg. No. 











Peehsalteles Che es C601) Fences 


Pao e oee Sa a otic agers sec ee Oe Sake bins Wocie 4,21 | 11.90 7.46 | 76. 43 
VIS oka ren Fee ae Bae BE SN BUR re AS AOE GP A 3.58 | 13.23 6.85 | 76. 34 
OE Gta ie Piiccor JpeaA Snes cece ae aeenee aeeer re 3.41 | 13.63 6.46 | 76.50 





Haldane’s experiments were made with gas obtained from a coal 
mine, which was passed into a cylinder, the size of a lamp chimney, 
from above. Ignition was effected by a small flame from below. 
Others who have worked on this phase of the subject have been 
Harger,® Leprince-Ringuet,* and Burgess and Wheeler,’ but the 


a Haldane, J. S., Investigations on the composition, occurrence, and properties of black damp: Trans, 
Inst. Min. Eng., vol. 8, 1894-95, pp. 549-567. 

b Harger, John, The prevention of explosions in mines: Trans. Inst. Min. Eng., vol. 43, 1912, pp. 132, 
136. 

¢ Leprince-Ringuet, F., The inflammability of fire damp and other gases: Coll. Guard., vol. 108, Aug. 
14, 1914, p. 376. 

¢@ Burgess, M. J., and Wheeler, R. V., The propagation of flame in limit mixtures of methane, oxygen, 
and nitrogen: Jour. Chem. Soc., vols. 105 and 106, November, 1914, pp. 2596-2605. 
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most exhaustive experiments having to do with the explosibility of 
methane-air mixtures, in which part of the oxygen of the air was re- 
placed by nitrogen or carbon dioxide or both, have been performed 
by Clement.@ 

In Clement’s first experiments the gases at atmospheric pressure 
were contained in a Hempel explosion pipette over mercury. The 
source of ignition, a spark from an induction coil, was applied near the 
top of the pipette. 

Clement found that the limits of inflammability were narrowed as 
the oxygen was diminished until with 14 per cent of oxygen the low 
limit was 6.5 per cent of methane and the high limit 6.9 per cent. 
The inert gas present was nitrogen. When the oxygen was kept con- 
stant at 20 per cent and part of the nitrogen replaced by 10 per cent 
of carbon dioxide the low limit was raised from 5.8 per cent of methane 
to 6.2 per cent. When the oxygen was again constant at 20 per cent 
it required the replacement of part of the nitrogen by 62 per cent of 
carbon dioxide to raise the low limit to 8.8 per cent of methane. 
Clement found that even when the oxygen was reduced to 17 per cent 
there was no change in the inflammability of methane-air mixtures 
from the 5.8 per cent limit observed with 20 per cent of oxygen. 

Another set of results was obtained by Clement with a steel tube 
closed at both ends to hold the mixtures. This tube was provided 
with stopcocks, an electric-arc igniter, a mixing device, a window for 
observing the flame, and an opening covered with a paraffin-paper 
diaphragm through which the pressure was released. The igniter 
was designed so that an arc could be maintained momentarily or for 
any desired time. The arc was connected to a 220-volt, direct- 
current circuit, with suitable resistances in series to give a current of 
1.5 amperes, and was placed at the center of the vessel. 

With this device the low limit of methane with 19 per cent of 
oxygen was 5.5 per cent, or 0.3 per cent lower than that found by the 
first method. With 17 per cent of oxygen the low limit was raised 
to 5.7 per cent, but even with 13 per cent of oxygen the mixture was 
explosive with a content of 6.6 per cent as the low limit and 6.8 per 
cent as the high limit. This second series of experiments again 
brought out the fact that a large proportion of carbon dioxide was 
necessary to appreciably affect the limits. 

Clement concluded that the action of carbon dioxide in reducing 
the explosibility of methane-air mixtures can be accounted for by the 
high specific heat of this gas. He found that carbon dioxide was 
more effective than nitrogen in reducing explosibility. 

The reader should note that atmospheres without enough oxygen 
(about 17 per cent) to support an oil-fed flame may be explosive if 





a Clement, J. K., The influence of inert gases on inflammable gaseous mixtures: Tech. Paper 43, Bureau 
of Mines, 1913, 24 pp. 
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they contain enough methane. For instance, a miner may travel 
beyond a place where his flame goes out to a place where the methane 
is present in explosive proportion, and attempt to relight his lamp 
there. Its flicker just before it became extinguished would have 
ignited the mixture, were it explosive. Electric sparks in such an 
atmosphere would be another source of danger. 

The limits of inflammability as determined by two of the authors 
for mixtures of methane and air in which the methane was simply 
added to the air were 5.5 per cent for the low limit and 14 per cent 
for the high lmit.¢ 

In metal mines, gases that’ make explosive mixtures with air are 
seldom found except as the result of a mine fire, but dangerous 
quantities of methane have been found in some metal-mining opera- 
tions, asin a tunnel investigated by engineers of the Bureau of Mines.® 


CONSUMPTION OF OXYGEN AND PRODUCTION OF CARBON 
DIOXIDE BY MEN AND BY LIGHTS. 


A small proportion of the total carbon dioxide in the air of coal 
mines is that exhaled by men and given off by lights, and the dimi- 
nution of oxygen is partly due to consumption of oxygen by these 
agencies. In a sample of air from an air current of a split where 
37 men were working, the authors found by analysis 0.32 per cent 


CO,, 20.47 per cent O,, 0.13 per cent CH,, and 79.08 per cent N,. 


The quantity of air passing where the sample was collected was 
15,000 cubic feet per minute. If one assumes that each man con- 
sumed one-seventh of a cubic foot of oxygen per minute and pro- 
duced one-seventh of a cubic foot of carbon dioxide* during the 
same time, and that each hght consumed about 0.03 cubic foot 
of oxygen per minute and produced the same quantity of carbon 
dioxide, there would have been consumed by the men and lights 
about 6.5 cubic feet of oxygen and they would have produced 
about 6.5 cubic feet of carbon dioxide. These figures represent 
only 0.04 per cent of the total oxygen consumed and of the total 


carbon dioxide produced and are practically negligible compared 


to the oxygen consumed and the carbon dioxide given off by the 
action of the oxygen of the air on the coal. Of course, if in this 
part of the mine, more men had been working, or if the quantity of 
air passing had been less, appreciable vitiation of air: would have 
resulted from the breathing of the men or the burning of the lights. 

@ Burrell, G. A., and Oberfell, G. G., The limits of inflammability of mixtures of methane and air: Tech. 
Paper 119, Bureau of Mines, 1915, pp. 25-26. 

6 Brunton, D. W., and Davis, J. A., Safety and efficiency in mine tunneling: Bull. 57, Bureau of Mines, 


1914, pp. 29-30. : 
¢ Actually the oxygen absorbed exceeds in small amount the carbon dioxide discharged; the respiratory 


; co ; 
quotient, ar being equal to about 0.90. 
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In most metal mines, lights and the breathing of men and of ani- 
mals are more important in removing oxygen from and adding car- 
bon dioxide to the mine air, because less oxygen is removed and less 
carbon dioxide is added in other ways. 


FOULING OF MINE AIR BY DECAY OF TIMBER. 


In all mines in which timber is used, some oxygen is taken from 
the air and some carbon dioxide is added to it by the decay of the 
timber. This source of black damp is much more important in many 
metal mines than in most coal mines because of the much larger 
quantity of timber used, especially in heavy ground. Timber decays 
through the action of various low forms of plant life, chiefly fungi, 
some of which take oxygen from the mine air, and practically all 
of which give off carbon dioxide. 


SPECIFIC GRAVITY AND COMPOSITION OF BLACK DAMP. 


The specific gravity of black damp varies considerably. When 
methane is present the combined gases may be lighter than air. 
Great caution should be exercised when any accumulation of black 
damp lighter than air is found, especially in mines worked with 
naked lights, as the lesser density is probably due to the presence of 
methane. 

A sample of the following composition was collected by the authors 
from a cavity in a room of a coal mine: 


Results of analysis of sample of mine air of much less density than atmospheric air. 





CO gic neans ins so cabo ie pe Me Ca eee oe 0.35 
Ogee cues needes ueon Janis |e ee ae a eee 15. 82 
OH eo) Se eae ee 19. 32 
Nye. 2 ee A ee ae 64.51 

100. 00 


Owing to the large amount of methane present, the specific grav- 
ity (air=1) of this sample was only 0.91. | 

The analysis of another sample showed an accumulation of methane 
and a deficiency of oxygen in an inclosed section of an anthracite 
mine that had been sealed for six days because of a fire in an 
adjoining section. The fire did not affect the particular area from 
which the sample was obtained because of a heavy intervening 
roof fall; consequently the sample represented the gases trapped in 
a stagnant section unaffected by fire. The results of analysis follow: 


Results of analyses of samples of gas in an inclosed area of an anthracite mine. 


COs. ba ge ee Se a 2.6 
Oat ces Bu ue Bone vlog seagiead ve Ne ct ae ane er 3.0 
Oy en udeetiit Sedo. eet at taste tare ph oe oe a 53.0 
Nas oee een aka eee Wee 41.4 
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The specific gravity of this mixture (air=1) was only 0.77, owing 
to the large proportion of methane. 

Mixtures containing a large amount of carbon dioxide are often 
- found on the floor and in low-lying workings. It happens occasion- 
ally that the gas is in a heavy stratum with lighter air above, and 
these strata are at times so sharply defined that a lighted candle 
is extinguished at once by lowering it only 1 inch below a certain 
~ level. 

Equally distinct stratification of gases may be encountered in 
metal mines. A mixture containing more carbon dioxide, and 
being consequently heavier than normal air may lie near the floor, 
or a mixture containing less oxygen and more nitrogen, and being 
consequently lighter than normal air may accumulate near the roof 
or in a raise. [Kither the heavier or the lighter mixture, dangerous 
- to the miner, may be so well stratified that a few inches will make 
the difference between breathable air and suffocating gases. 

Before starting some work near the floor, a miner may hang his 
lamp well up in the roof, where by burning it indicates that the air 
near it is breathable; while the air near the floor may be so bad that 
it would extinguish the lamp immediately. However, except in air 
directly over a fire area or close to a fire, a large amount of carbon 
dioxide (over 5 per cent) is unusual in a coal mine. The small pro- 
_ portion of carbon dioxide normally in mine air is indicated by the 
many analyses of samples presented in this report. Exceptions are 
samples 5866, 5867, 5785, and 5786 (see p. 40), in which the carbon 
dioxide percentages were 14.42, 14.36, 19.60, and 19.33, and the 
specific gravities 1.051, 1.051, 1.071, and 1.069. The samples were 
collected from sealed mines in which there were or had been fires. 

The authors’ experience as a result of analyzing gas samples col- 
lected from many mines has indicated that if the carbon dioxide 
results from the action of the oxygen of the airon the coal (including 
perhaps a small amount released from the pores of the coal), it is not 
produced in proportions exceeding more than 3 to 5 per cent even 
after the air has long been in contact with the coal. 

The following results of analyses show how small the carbon 
dioxide content may be in the air of a mine that has been sealed for 
nine months. , 


Results of analyses of gas samples from a mine area that had been sealed for nine months. 








Sample No. COz. Oz. CH. No. Total. phir 


eS ee ee eS a eee, ee eee eee 





Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
1.50 0. 30 5. 29 92.91 100. 00 0.95 
cine Sin mest Se oe ae ee ee? 1. 20 a3) Dok 93.13 100.00 -94 


i i eae 
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The collectors of the samples wore breathing apparatus. The 
oxygen had almost entirely disappeared, but only 1.20 and 1.50 per 
cent of carbon dioxide were present. 


EFFECT ON LIGHTS OF AIR LOW IN OXYGEN AND HIGH IN 
CARBON DIOXIDE. 


All mine air is somewhat deficient in oxygen as compared with 
outside air. This deficiency may amount to 0.1 to 2 per cent or 
more. As the oxygen in air decreases, the illuminating power of 
lights grows less; the flame of an ordinary oil-fed lamp wick becomes 
extinguished in air containing about 17 per cent of oxygen. 

Haldane * determined the effect on the light of a safety lamp 
when burned in atmospheres deficient in oxygen. The following 
tabulation prepared by him is of exceptional interest. 


Results of tests to determine diminution of light with diminution of oxygen in 
surrounding air. 


Proportion 
Light of oxygen | Degree of pe aes 
given. insur- | light dimi- aie 


rounding nution. 


air: tion. 


Per cent. Per cent. Per cent. Per cent. 
100 20.93 0 0.00 

90 20. 66 10 0.27 

Th 20.34 23 0.59 

66 19. 88 34 1.05 

41 19.34 59 1.89 

27 18. 92 73 2.01 

11 18. 28 89 2.65 

0 18.01 100 2.92 











Haldane observed, in general, that every diminution of 0.1 per 
cent in the oxygen content of the surrounding air caused a diminu- 
tion of 3.5 per cent of the value of the light in pure air. 

The results of some experiments by the authors with atmospheres 
that would extinguish a flame are shown below. Lighted candles and 
acetylene and Wolf lamps were placed in a chamber with air, and 
when the oxygen content had become so low that the flames were 
extinguished the residual air was analyzed. 


Results of experiments with atmospheres that would extinguish flame. 





Analysis of residual air. 
Source of flame 
extinguished. 


COs. Oo. No. 
Per cent. | Per cent. | Per cent. 
Candle tose 2.95 16. 24 80. 81 
Acetylene lamp.. 6.30 11.70 82.00 
Wolflamp....... 3.00 16.30 80. 70 


SE Rp el Se ee i) Va 


a Haldane, J. S., The effects of deficiency of oxygen on the ligh c 
ght of a safety lamp: Coll. Guard., vol. 1 
Oct. 25, 1912, p. 836. us : ° - 


EFFECT OF ABNORMAL AIR ON LIGHTS. 99 


The carbon dioxide present, which was due to combustion, had no . 
appreciable effect in extinguishing the flame, as was shown by cer- 
tain experiments performed by the authors. In the experiments 
varying proportions of carbon dioxide were added to the atmosphere 
before the flame was introduced. The results of analyses made in 
connection with the experiments follow: 


Results of experiments to determine effect of carbon dioxide in extinguishing the flame of 
a candle. 


Composition of at- 
mosphere at 
beginning of ex- 


Composition of at- 
mosphere at end 














Experiment periment. of experiment. 
No. 
COs. Oz. CO2 Oz. 
UR ees bbe ee oP 0. 04 21.00 2.95 16.34 
Pee Oe es BAe ee 3.22 21.13 6.51 16. 68 
Ob ns Mobi got te 13.52 20. 67 16.00 17.39 


The results show that the initial presence of a large amount of 
carbon dioxide had little effect in extinguishing flame. In all of the 
laboratory experiments the flame probably lasted a trifle longer than 
it would have in actual mining practice, because in mines a slight 
gust of air or a quick movement of a lamp would easily put out a 
diminishing flame. 

For the experiments a certain atmosphere was prepared in a 10- 
liter bell jar, and the flame was allowed to burn in it until the oxygen 
had been consumed to a point where the flame would no longer burn. 
Incidentally there was formed by the combustion a certain amount 
of carbon dioxide, but the amounts formed had no appreciable effect 
in extinguishing the flame. 

Other experiments to determine the amount of carbon dioxide 
required to appreciably affect flame extinguishment were made, as 
follows: 

Various mixtures of air and carbon dioxide were prepared in a 
large 100-liter gas holder, and these mixtures were slowly passed into 
and out of a small bell jar in which was burning a Wolf miner’s 
safety lamp. The different atmospheres were kept as near constant 
at 17, 18, 19, 20, and 21 per cent of oxygen as possible, and to each 
of the mixtures carbon dioxide was added (replacing some nitrogen) 
until enough carbon dioxide was present to extinguish the flame at 
the particular oxygen percentage used. 

The experiments show simply the effect on flame extinguishment 
of replacing an equivalent amount of nitrogen with carbon dioxide. 
Carbon dioxide should have a greater extinguishing power than nitro- 
gen, because of its greater molecular specific heat and its greater 
conductivity of heat. The percentages of carbon dioxide and of 
oxygen in the different mixtures that extinguished flame are shown 
in the following tabulation. 
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Percentages of carbon dioxide and of oxygen in different mixtures of the two that extin- 


guished flame. 

CO, Oe COz Oz 
Oe eee, Sn aes TBF ers eae a, te NR ie ee 18. 7 
Do cao ae Meta oe cine PeNraue amr: 16:9 (1 230) oo. cer ebtes Snare. oer 19.2 

LG ats A eed PD te ee ee ee ee en ss oe ee 19. 6 

LBria ce Me. Mare eee eee 17) Si AON tea tea Oe) SS. ee 20. 3 

D0) eRe IED» ain AM Ot waa ee ee UES ee ee ee ane a eS eI. 21.0 


It will be observed that a large percentage of carbon dioxide 
(replacing the nitrogen) was required to extinguish the flame, 5 per 
cent of carbon dioxide raising the oxygen content of the extinguish- 
ing mixture from 16.3 to 16.9 per cent. This proportion of carbon 
dioxide in mine air when the oxygen has fallen to 16 or 17 per cent 
is unusual. It can be said for all practical purposes that the carbon 
dioxide in mine air has no effect in extinguishing the lamp flames. 

Jorrisen “ has made experiments and compiled data from various 
sources on flame extinguishment, as shown below: 


Results of Jorrisen’s experiments with flame-extinguishing atmospheres. 


Proportions in nat- 
ural extinguish- 
ing atmosphere. 


Proportions in artificial extin- 
guishing atmosphere. 
Kind of flame. 














CO2g 
Os Na | added. | % pt 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

Candles. frees: oT ROLES EGE set hns Sak ee eee 16.4 83.6 14 18.1 81. 

Hy drog ences ticgonclscis pee smite se Sasser eee 6.3 93.7 58 8.8 91.2 
Carponimonoxides 3.22 se ee ee cee sen es oh oe seers cael 84.9 24 16.0 84.0 
Methane: &. 22 os ee eee ce er. Uo ee ee 17.4 82.6 10 18.9 81.1 
Tethiylone Lote st Sak eee Eee Ole tee ta sate eee eee a2 86.8 26 15.5 84.5 
‘Petroletim. ose nee =e scsiecis = aceite ener ae Geena 16.2 83.8 15 17.9 82.1 
Bethyl Bicehol enc. “20S aat LL seh ae See eee A ee 16.6 83.4 14 18.1 81.9 
Methylated: spirdts . 222 4..siens- Seeewee fea en dss er ere 17.2 82.8 13 18.3 81.7 
Coakvas WSs os het Sh Seek. 2 eee eee 1d 88.7 33 14.1 85.9 
LX Se cies reat cid aa rey ches tec Ne Pee oe ae 16.0 84. Orla cee 2 ee ees ee = eee 





The results of experiments of other investigators, as compiled by 
Jorrisen, follow: 


Results of experiments of various investigators on flame-extinguishing atmospheres. 


Residual atmosphere. 








Nature of flame. ee fetes Se eee 
¥ Oo Ng CO, 
Per cent. | Per cent. | Per cent. 
Candle. cae uaeeie sts Pees OAS. hey eee ee ae Pee Clowes. ar 81. : 

a SPI Nie Ae inet fe ONE tert Nh seg? SA TY Eo ood ne Burrell. 16.24 80. 81 2.95 
Soft-candlos 22. 222. eh. 3: ss eee ee ee ee ee ee Harger. 1G. SOUESE TS TESS) ee ees 
KCTOSCNO cae Sas eek oe Oi are ee ee ee ee ee Clowes.... 16. 60 80. 40 3.00 

Does 21. « Peet: eee eee ee. hee eee ee Harger.... LOS 00)) 222 Cee eee se 
PSTOLS PITS. coe 5 owe ne oe se cine a Sa loa eee etre ee te Olson ce LGOSOU US oe wt eile a eee 
Gasoline... 22.52.65 eo A Se Oe eee Saoe A TeEIO LESS. se L550 Ie 2s Cee eee 
AIOONOL Fe gc sks ann Sasnc oe ae ne Soe cine Pee eee ee ate eee Clowes.... 14.90 80.75 4.35 
Methylated spirits2 <<. <4 ce eee 2 een Se eee sidOup ees 15. 60 80. 25 4.15 
CORE RAS Sos = oo eee sii oe we ee nee ce ee ae ee Fat 4 Va el ieee 11.35 83.75 4.90 
Natural gas........ Riise. Me OE. ods Soke eae Ee a eee Burrell... 13. 90 82. 85 3.25 
FIV drogen So% cmaccaisce ee teenie 2 eeer eee oo ee eee Clowes.... 5. 50 94 50)|. ssa eee 

(DOr ens os bent SSP De his le icine Phe eto  acae Oe ee Harger COOISSS cscs Ae 
Carbor Monoxide . s2a 22 o.oo Sects ee ne ee Clowes.... 13-30 74.40 12.25 
Methane ti). 52202105 eee ee ea eee ee Se SHGOw eres 15. 60 82.10 2.30 
PACU YONG? conn ok neck at Sass ck Pee coe ee hee ee ee Burrell..-. 11.70 82.00 6. 30 





a Jorrisen, W. P. The extinction of flames: Jour. Gas Lighting and Water Supply, vol. 130, Apr. 6, 
1915, p. 27. 
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The agreement of most of the results is fairly satisfactory. The 
experiments are easy to perform, the principal source of error being 
insufficient mixing of the atmosphere, with its changing CO, and O, 
content, in which the flame is burning, and consequent nonrepre- 
sentative sampling. 

Jorrisen calls attention to the fact that there is close similarity 
between the extinguishment of a flame, such as a burning candle or gas 
jet, mn air as the oxygen decreases and the lessening explosibility 
of gas mixtures as the oxygen diminishes. If the composition of the 
air surrounding a burning gas jet is near the extinguishing limit, the 
temperature of the flame is almost instantly lowered so much that 
the combustible gas supplied can not be ignited, and the flame goes 
out. Similarly with explosive mixtures of gas and air in a globe, 
say, when the upper limit of explosion has been exceeded, the oxygen 
content has become so small that the flame can not extend itself 
beyond the source of ignition; that is, the mixture will not explode. 
This is shown in the following table: 


Data showing relation between oxygen content of upper explosive limits of mixtures of 
certain gases and air and oxygen content of similar mixtures that will extinguish flame. 





Proportion 
Proportion | of oxygen | Proportion 
of gasin in gas of oxygen 
Gas. upper mixture | at highest 


explosive | that ex- | explosive 
limit.@ tinguishes limit. 
flame. 








Per cent. Per cent. 
6. 50 2 





MMOL Murat ee ona nie ence fe oc tis Seateatac ce wt cm he cieie es bac ae cle 65 3 
Carbon monoxide.......-.-. he A napa Sei at oy eats, nea eRe ee Ea 74 13.4 5.4 
SUG ALR 2 Si ie nee ea a ee ee Siete e wad oy ct Ri ee 14.8 |. 17.4 17.8 
BeSOUITe VAD OL ioc en ans rain SAS lee + aisivcias cece we Se doaron mien io slaps wtcvois 6.0 15.5 19.6 
RE CERTR LO AG eter eee aD Lae Ae Se ater e cys cuss ere ein yi odik De 2 ates abs ies 12.0 13. 90 18.4 
BEE OUO Gy op wieg Seca S fae sieresints «Fee a 2 es pero Sere eh ee sere ke «sea, 75 11.70 5. 23 
BAA OLIGO Meee ers no aie aye ws ais = Slsiais a)o vies ones Ss ee0 < Grreiatels, Saisie creeps ee 22 13.2 16.3 





a.The values in this column were determined by the authors. 


The comparison fails badly in the case of carbon monoxide and 
acetylene. 


EFFECT OF ATMOSPHERES LOW IN OXYGEN ON FIRES IN MINES. 


The effect of the oxygen content of mine air on a fire in a mine is 
important @ and is as follows: When a burning section of a mine has 
been successfully sealed the atmosphere within changes in composi- 
tion. It first loses oxygen until the content becomes so low, prob- 
ably about 17 per cent, that flame can not exist. Eventually the 
oxygen, content becomes so small that the rate of combustion slowly 
decreases, until ultimately the fire is out and the mine can be safely 
Bureau of Mines, 1912, 16 pp.; Burrell, G. A., and Oberfell, G. G., Explosibility of gases from mine fires: 


Tech. Paper 134, Bureau of Mines, 1916, 31 pp.; Rice, G. S., Mine fires, a preliminary study: Tech. Paper 
24, Bureau of Mines, 1912, p. 38. 


B2 BLACK DAMP IN MINES. 


opened. Conclusions as to the approximate length of time a sealed 
mine, or part of a mine, should remain closed after a fire has been 
brought under control are hard to reach, because conditions differ 
creatly. When the oxygen in an area has been almost or entirely 
consumed combustion must necessarily stop, and the question then 
is how long the embers, or partly burned coal, can retain heat suf- 
ficient to permit rekindling on the admission of air. Systematic 
sampling and analysis of the atmosphere in different parts of a sealed 
mine will show whether the oxygen diminishes regularly, as it should 
if stoppings are tightly built, or whether air is leaking into the fire 
area. 


RESULTS OF ANALYSES OF COAL-MINE ATMOSPHERES. 


In the course of the investigations reported in this bulletin a large 
number of analyses of mine atmospheres were made. Methods of 
analysis are given in Bulletin 42 of the Bureau of Mines. The 
analyses were classified in series from 1 to 6, and, for convenience of 
reference, the original classification has been retained in presenting 
the results. 

The following analysis of pure outside air is presented for com- 
parison, with the composition of the mine-air samples analyzed. 


Analysis of pure air. 





Per cent. 

Carbon dioxide4GOs) ta | item oars ere ee eee ee 0. 03 
Oxygen (O2) so Sew. 2 Ce eae oe Cee crt ee ee 20. 93 
Nitrogen (Np)s. a4... sae > eo ee Net ee eee oe ae 79.04 
100. 00 


Included in, the nitrogen, percentage are the so-called rare gases of 
the atmosphere—argon, helium, neon, krypton, and zenon. These 
gases constitute about 1 per cent of the total constituents of air and, 
like nitrogen, are inert. 

In the tabulations that follow, the carbon dioxide, oxygen, methane, 
and nitrogen, as found by analysis, are given. The results of analy- 
ses have been recalculated to show the air, black damp, and methane 
present and the percentage composition of the black damp. The > 
air content is equal to the nitrogen equivalent of the oxygen, accord- 
ing to the proportions found in pure air plus 0.03 per cent of carbon 
dioxide. The black damp is equal to the total nitrogen minus the 
nitrogen. equivalent of the oxygen plus the carbon dioxide in the 
mine air in excess of the amount (0.03 per cent) found in pure air. 





a Burrell, G. A., and Seibert, F. M., The sampling and examination of mine gases and natural gas: 
Bull. 42, Bureau of Mines, 1913, 116 pp. 
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The recalculation of the analysis of a mine-air sample will make 
clear the foregoing statement. The results of analysis of a mine-air 
sample follow: 


Results of analysis of a sample of air from a coal mine. 
Per cent. 


“Lbs ot ne pe aingdtee Meer rial Sa Mp ly ok a oa 0. 22 
ORS ah lee NG Mie Seige Tae ee a cn 20.13 
tb jt a Le ea GO re ae 1.57 
Ue RE are aks cs Rand iat LAs. DAIL 92 A 78. 08 

100. 00 


The above results recalculated to show air, black damp, and 
methane, would give results as follows: 


Results of analysis of mine-air sample recalculated to show air, black damp, and methane. 














y : Per Per 
Air: cent. cent. 
rate et MET gS es 2 sft Were toe « ede = = 0. 03 
Ch teeotes 2a 2) tale ee Pe RM ete mo, TERE 20. 13 
Dee ee gn ied Moo oe a aes Soe. bo Sao < ox, 0 02x 76. O1 
96. 17 
Black damp 
“i pdhiot CUR iy Ie Gay i ag a eptae cae aut Ro 19 
Be ae TR ARO Mh Eas pele Me gie ew SMES Oe ee Te 2. 07 
2. 26 
Methane. 2. 2. cig dE aah ae ie leben goat HR EAR RA EDS fe Rial een mere! 
1. 57 
100..00 


The composition of the black damp would then be as follows: 





ee eA Ae One a i A aig Sate ni ot Percent... 8.41 
eNRERO Ne ee ROO rn eh at ed te wi EL et do.... 91.59 
a 100. 00 
The air in the above results is found as follows: 
: ; 79. 04 
Nitrogen equivalent of the oxygen= 50.93 20. 13=76. 01 


Air=76. 01+20. 13-40. 03=96. 17 


The black damp in the above results is found as follows: The 
nitrogen in the sample in excess of that found in pure air =78. 08 — 
~76.01=2.07 per cent. The carbon dioxide in the sample in excess 
of that found in pure air =0.22 per cent—0.03 per cent=0.19 per 
| cent. The black damp=0.19+2.07=2.26 per cent. 


RESULTS OF ANALYSES OF SAMPLES IN SERIES l. 


The results of analyses of samples included in series 1 are presented 
in the following table. 
17151°—16——3 
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3734 
3735 
3771 


3773 
3934 
3935 
3981 


3982 


4001 


4003 


4071 
4072 


4073 
4074 


4075 
4008 
4009 


3339 


3340 


4138 
4135 
5607 


5609 


5602 


4603 


5604 





aD DO Nn or 


lop) 


BLACK 


DAMP IN MINES. 


TABLE 4.—Results of unalyses. 





Source of sample. 
Point in mine. 


20 feet from face of No. 8 
east entry. 
Face of No. 7 south entry... 


Crosscut between 2 rooms. 


No. 1 room, off No. 10 en- 
try, at roof, 20 feet inby. 

No. 1 room, off No. 10 
entry, at floor, 10 feet 
inby. 

DSurlace crackw are saae aes 


Room, 20 feet from a butt, 
10 feet from floor. 

Main intake for booster fan 

Heading of north entry, 
off 3 east. 

16 east," between rooms 56 
and 57. 

Last crosscut between 
rooms 19 and 20, No. 16 
east entry. 

Main return, at upcast 
shaft. 

Sixth left entry at face.... 


Return air course, near 
exhaust fan. 
ae feet inside brattice in- 
closing former fire area. 
ie feet inside brattice in- 
closing former fire area. 
Return air course.......-. 


Point in entry where air 
was considerably diluted 
with return air from fire 
area. 


Point in a room where it 
holed through into a 
manway. 

Maniwa vile o ince: aches 

Feet GOs Hee Le eee 











Laboratory analysis. 

















Remarks. 
COx. Oo. CHg. No. 
Per ct. | Per ct. | Per ce \ePeree 
Air still; 1-inch cap on 0.35 | 19.89 1.94 | 77.82 
safety lamp. 
Trace of methane shown eS epee! 1.05 | 78.44 
by safety lamp. 
Quantity of air, 4,200 cubic -08 | 20.71 -37 | 78.84 
feet per minute; tem- 
perature, 61° F., W. B., 
60° F., D. B.; relative 
humidity, 94 per cent. 
bs Bie Cotes dene scenes -11 | 20.64 .23 | 79.02 
(GQ) ee Pe ee ee 7.41 5.76 2.93 | 83.90 
Cay “Re ROD, 2 reer ee 7.51 | 6.20] 2.20] 84.09 
PAITIS TIL Mere eee een arcs 1539.) 16379 -O7 |) SL ats 
eee Se GOeneet kee ere GM Lal fal pedo -03 | 80.41 
Crack was over a sealed 4°82.) 14.37 .56 | 80.25 
area in a drift mine that 
had been on fire a short 
time previous; fire prob- 
ably out. 
Seer CLOSE re ee re ee 7.83 | 10.69 89 | 80.59 
Sy ae Mme here ty .35 | 20.40 -00 | 79525 
HEB wid crate eS da eee pee ee -48 | 20.02 -02 |) 79.48 
iyg RRR Re ae aoe ee ee .53 | 20.10 -07 | 79.30 
Pea Pan aie Nn a 4 gee a 121, 19.39 307 | 79id3 
Se Ii pi TOPE Ie He De 1.00} 19.31 -05 | 79.64 
9,900 cubic feet of air per .09 | 20.44 1.95: 40 (abe 
minute. 
23,100 cubic feet of air per a6 4h) (20563 42] 78.79 
minute. 
b.16 
ae BREE IRD 6.02] 6.02 20 \ 84.01 
. 05 
bovagth des iia glee eames 7.74|- 3:18). be |} Sona 
A SCPE AS Pe Sa = Oye 20.68 .00 | 79.20 
dels Gade he Fee oe fee ea ae 216) 20852 .00 | 79.27 
27,000 cubic feet of air per .31 | * 20.46 .15 | 79.08 
minute; temperature 67° 
F., W. B. and D. B.; rel- 
ative humidity, 100 per 
cent. 
sidoats ate eo Ge ahcvae es gee tae 3.07 16.40 2.87 | 177.66 
6,900 cubic feet of air per 1.53 | 18.84 2.16 | 77.47 
minute; _ temperature, 
(6.62 Fi We Bis’ Fs, 
D. B.; relative humid- 
ity, 92 per cent. 
6,900 cubic feet of air per 95 | 19.89 .66 | 78.50 
minute; temperature, 
14.5°84, W LBs, Ui Ee 
D. B.; relative humid- 
ity, 87 per cent. 
7,200 cubic feet of air per 1.06 | 19.73 .80 | 78.41 


minute; temperature, 
(4,200 Bee Wiest eendiaeeo 
F., D. B.; relative hu- 
midity, 87 per cent. 





5 


£ 
4 


a Sample was collected at the top of a bore hole through which mine air was issuing. The mine was a _ 


drift mine that had been sealed for 30 days because of fire. 
the outcrop, making impossible complete exclusion of air. 


There were, however, many small openings in © 
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of coal-mine air samples, series 1. 


Recalculated analysis, showing air, black damp, and methane. | ©/culated composition 























of black damp. 
Specific 
gravity of 
Air. Black damp. sample 
(air=i)). 
CH, CO2g No 
CO» Os No. CO, Ne 
iPer.ct. Pet ct; Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 

0.03 19.89 TASER ON 0.32 2.71 1.94 10. 56 89. 44 0.99 
. 03 20. 34 76. 81 14 1.63 1.05 | . 7.91 92.09 .99 
.03 20. 71 78.21 -05 . 63 Abye 7.35 92.65 .99 
-03 20. 64 77.94 .08 1.08 3B} 6.90 93.10 1.00 
.O1 5.76 PA 7.40 62.15 2.93 10. 64 89.36 1.00 
.O1 6. 20 23.41 7.50 60. 68 2. 20 11.00 89.00 1.01 
02 16.79 63.41 Lead 18.34 07 6.95 93.05 1.00 
. 03 18. 39 69.45 1.14 10. 96 03 9.42 90. 58 1.00 
- 02 14.37 54. 27 4.80 25. 98 56 15. 59 84. 41 1.01 
. 02 10. 69 40. 37 7.81 40. 22 89 16. 26 83. 74 1.02 
. 03 20. 40 77.04 32 AVAL 00 12. 65 Sioo 1.00 
- 03 20. 02 75. 60 45 3. 88 02 10. 39 89. 61 1.00 
. 03 20.10 75.91 -50 Broo 07 12. 85 87.15 1.00 
. 03 19. 39 (BP 1.18 6.11 07 16.19 83. 81 1.00 
- 03 19. 31 72. 92 97 6. 72 05 12. 61 87.39 1.00 
- 03 20. 44 77.19 . 06 SBE: 1.95 15. 38 84. 62 99 
a(t 20. 63 77.91 ko . 88 42 12. 87 87.13 1.00 
01 6.02 22.73 6.01 61.28 { ree \ 8.93 91.07 99 
.00 3.18 12.01 7.74 73.16 { Abe \ 9.57 90. 43 1.00 
.03 20.61 77.83 .16 1.37 . 00 10. 46 89. 54 1.00 
.03 20. 52 77.49 .18 1.78 00 9.18 90. 82 1.00 
.03 20.46 hie ok . 28 1.81 15 13.40 86. 60 1.00 
-02 16.40 61.93 Fal iis Laie 2.87 16. 24 83.76 1.00 
-03 18. 84 Hist: 1.50 6. 32 2.16 19.18 80. 82 .99 
.03 19.89 font 92 3.39 . 66 PAN at) 78. 65 1.00 
.03 19.73 74.51 1.03 3. 90 . 80 20. 89 79.11. 1.00 


b Laboratory analysis, CO. 
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TABLE 4,—Results of analyses 





Labo- 
ratory 
No. 


5597 


5598 
5599 


5600 
5578 


5579 
5580 


5581 


5583 


5586 


5587 


5499 


5500 
5501 


5502 
5503 


5504 
5429 


5430 
5431 


5432 
5433 


5434 


13 


13 


13 


13 


14 


14 
14 


14 
14 


Source of sample. 


Point in mine. 


were w cece tee eter ee eees 


Pewee sere er eee eet ee eee 


Seventh south entry, 25 
feet from face. 
Main south return......... 


Last crosscut of fifth north 
entry. 


Return at bottom of air 
shaft. 


South side return, 100 feet 
from air shaft. 


Main north return, 100 feet 
from air shaft. 


100 feet outby eighth and 
ninth right. 


Hotweetl eighth and ninth 
right in last break- 
Lar oe 

Ninth left, off north haul- 
age, 100 feet from en- 
trance. 


Third level, close to bulk- 
head on east side. 


Seventh ree west, at 


ee 


collar. 








ee ns 


Remarks. 


15,600 cubic feet of air per 
minute; peers 
66° F., W. B.,and D. B 
relative humidity, 100 
os cent. 

4,040 cubic feet of air per 
minute; AA ie a A 
67° F., W. B.and D. B 
relative humidity, 100 
pee cent. 

Temperature, 81.75° 
Wiebe 
relative humidity, 
per cent. 

6,000 cubic feet of air per 
minute. 

8,398 cubic feet of air per 
minute; tem erature, 
78.25° ¥F., W. B., 79.25 
B.D. B.; .; relative hu- 
midity, 96 per cent. 

3,780 cubic feet of air per 
minute; temperature, 
8194k. “) Ww An 
Ds: Be relative humid. 
ity, 88 per cent. 

45,000 cubic feet of air per 
minute; 76.50° I'., W. B., 
77.50° F. is eas relative 
humidity, 96 per cent. 

5,880 cubic feet of air per 
minute; 78.25° F., W. B 
78,75° F. DUBS Rees 
humidity, 98 per cent. 

21,250 cubie feet of air per 
minute; 76.75° F., W.B., 
Stash 1c. 28 relative 
humidity, 99 per cent. 

Sample represented return 
air from eighth, ninth, 
tenth, and eleventh 
right, "off north haulage; 
2,000 cubic feet of air per 
minute; 6778, 
68° KD: B.; relative 
aa 95 per cent. 


= 
, 82.75° F., D. B:; 
92 


°. 


Sainte of return air from 
ninth, tenth, eleventh, 
and twelfth “entries, oft 
north haulage; 2 000 cu- 
bic feet of air per ininute; 
67° F.,W. B. and D.B.; 
relative humidity, 100 
per cent. 


Metal mine; 62° F., W.B., 
63° F., dD. Bs relative 
epee Re 95 per cent. 


ee ies ee i ie ee a es 


minute. 


i 





ee ee | 


Laboratory analysis. 


35 


36 


37 


. 28 


08 





Per ct. 
20.40 


20. 42 
20. 66 


20. 68 
20.18 


20. 25 
20. 20 


20.30 


20. 37 


20.21 


20.41 


20. 44 


20. 38 
20.18 


19.57 
20. 39 


20. 38 
20. 47 


20. 44 
20.35 


20. 53 
20. 61 


20. 60 


CH,. 





Per ct. 
APE, 


122 


Hop 
re 
Nic 


1.08 


Nz. 


Per ct. 
79. 03 


79. 08 
79. 00 


79. 00 
78. 22 


77.52 
78. 05 


78.27 


78.49 
77. 86 
78. 64 


78. 53 


78.47 
~ 77. 68 


75. 71. 
78.33 
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\ of coal-mine air samples, series 1.—Continued. 





Recalculated analysis, showing air, black damp, and methane. | ©#!Culated composition 








of black damp. 
Specific 
gravity of 
Air. Black damp. sample 
CH, CO, Ne cid E 
COeg Oo No. COz Ne 

Ef 

Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 

0.03 20.40 77.04 0.31 1.99 0. 23 13.48 86. 52 1. 
.03 20. 42 Tits | . 28 1.97 19 12. 44 87. 56 1.00 
03 20. 66 78. 02 -09 98 a2, 8.41 91.59 1.00 
.03 20. 68 78.10 .12 - 90 a Wy 11.76 88. 24 1.00 
.03 20.18 76.21 aby 2.01 1225 13.73 86. 27 .99 
03 20. 25 76.47 . 26 1,05 1.94 19.85 80.15 .99 
. 03 20. 20 76. 28 . 30 1.77 1.42 14.49 85. 51 99 
-03 20.30 76. 66 ~o2 1.61 1.08 | 16.58 83. 42 .99 
-03 20. 37 76. 93 33 1.56 18 17.46 82. 54 .99 
.03 20. 21 76.32 34 1.54 1.56 18.09 81.91 ,99 
.03 20. 41 77.08 pds 1.56 .67 13.81 86.19 -99 
. 03 20. 44 77.19 05 1.34 -95 3. 60 96. 40 99 
. 03 20. 38 76. 96 . 09 1.51 1. 03 5. 62 94. 38 1.99 
03 20.18 76. 21 07 1.47 2. 04 4, 55 95. 45 -99 
50053 19. 57 73. 90 13 1.81 4, 56 6. 70 93. 30 - 98 
03 20. 39 77.00 . 06 1.33 1.19 4.32 95. 68 . 99 
303 20. 38 76. 96 . 09 1.51 1. 03 5. 62 94. 38 .99 
- 03 20. 47 77.30 woe 1.97 . 00 10, 45 89. 55 1.00 
-03 20. 44 77.19 ayy Page Wd . 00 9. 40 90. 60 1. 00 
- 03 20. 35 76. 85 38 2.39 . 00 13. 72 86. 28 1.00 
- 03 20. 53 77.53 24 1. 67 . 00 12. 57 87. 43 1.00 
. 03 20. 61 - 77.83 eee 1.30 .00 15. 03 84. 97 1.00 


- 03 20. 60 77.79 24 1.34 00 15.19 84. 81 1. 00 
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BLACK DAMP IN MINES. 


Source of sample. 


Point in mine. 


20 feet from face and 20 feet 
east of room neck, 600 
feet west of shaft bottom. 


Main return air course 
ne shaft. 


Mane sets do... 2-20-22 eee ee eye KOKO) 


wen ee 


Main return, inby foot of 
air shaft. 


eecee 


"No. 1 room, 19th right 
entry, 4 feet from face 
wee 18 inches from roof. 

ae + return, 200 feet from 
pit mouth. 


Return air from 8th and 
9th right entries. 


ear Vie 


Second crosscut, between 
rooms 1 and 2, Oth right. 


Gace CO. en eee one a sene cs eemee 

Return of one of two splits, 
1,500 feet from pit 
mouth. 

“Main haulage way, 200 | 35,1 
feet from portal. 

Eawne DOs, Se cteasotal meee ealcee ee 


i es as 


TABLE 4.—Results of analyses 


Remarks. 


Sample taken in area 
where pillars were being 
gute: air still. 


minute. 


2,100 cubic feet of air per 
minute; Ores Eis 
2°. DEB: ” relative 
humidity, 87 per cent. 
2,100 cubic feet of air per 
“minute; (Os E AVY oye 
792K, D. B,; "relative 
humidity, 87 per cent. 
54,720 Foubio feet of air per 
minute; 66.5° F., W. B. 
66.5° F,, DBs relative 
Pig 100 per cent. 


minute. 
50,00 cubic feot of alr per 
minute; 75.5° F., W.B., 

Ch tlie F, DUBS relative 
humidity, 89 per cent. 
59,500 cubic feet of alr por 

minute; 75.5° F., W. B., 
(icone oe La ibres relative 
humidity 90 per cent. 


do 

77° Bs, W. B. and D..B.; 
relative humidit y 100 per 
cpa 

32,277 rouble tent BPate per. 
minute; 53.5° F., W. B. 
and D. B.; relative hu- 

pe y 100 per cent. 

é6°'R,, WI Band DEBS 
relative humidity 100 
pees cent.’ 

i000 euble fect of air ‘per. 
minute; 69° HS «Ww. .B: 
and D. B.; - relative hu- 

sere! 100 per cent. 

Stillair: 65°F, W.B., 68" 
ios D. B.; relative hu- 

midity, 95° per cent. 

40,100 cubic fect of air per 
minute; 55° F., W. B., 
56° ae 


feet per 
minute; 55° F., 
65 ED. Bee ’ relative 
humidity, 94 per cent. 


35, 100 cubic 


Laboratory analysis. 


Per ct. 


2. 


i 
ce 


68 


-25 


Per ct. 
13. 70 


13.74 
17. 70 


LW GV ies 
18. 85 


18. 87 
18. 84 


18. 86 
20.69 


20.70 
18. 42 


20. 30 
18. 92 


20. 20 
20. 44 


18. 40 
18. 66 
16.36 


16.45 
20. 44 


20.45 
20. 68 


20.63 
20. 61 


20. 67 
18. 94 


19. 07 
20. 85 


20. 83 
20. 60 


20. 57 


Per ct. 
. 00 


O01 
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of coal-mine air samples, series 1—Continued. 


Recalculated analysis, showing air, black damp, and methane. Calculated composition 











of black damp. 
Air, Black damp. 
CH. COz. Ne. 
CO. Oo. No. COs. Ne. 
Perct. Per ct. Pen ct: Per ct. Per ct. Per ct. Peck Per ct. 
0. 02 13. 70 51. 74 02. 66 31. 88 0. 00 rer) 92.30 
- 02 13. 74 51. 89 2. 64 Sl7 .00 7. 69 92.31 
. 03 17. 70 66. 84 feo 14.18 . 00 8.10 91.90 
203 1 CARL 67.11 AR} 13. 86 .00 8.15 91. 85 
.03 18.85 71.19 ies: 6. 52 2.08 16. 94 83. 06 
- 03 18. 87 71. 26 1.38 6. 40 2.06 17. 74 82. 26 
- 03 18. 84 Flets 1.34 6. 54 2.10 17.01 99 
.03 18. 86 APR 1. 36 6.45 2.08 17. 41 82.59 
-03 20. 69 78.13 . 05 . 76 . 34 6.17 93. 83 
.03 20. 70 78.17 .05 SiR 458) 6. 49 93. 51 
. 03 18. 42 69. 56 1, 28 8. 62 2.09 EYE 82. 63 
. 03 20. 30 76. 66 ASF 2.13 «53 13. 04 86. 96 
. 03 18. 92 71. 45 1.31 6. 23 2. 06 12. 93 87.07 
. 03 20. 20 76. 28 .39 2. 60 .50 14.11 85. 89 
. 03 20. 44 77.19 . 28 1.58 . 48 15. 05 84.95 
. 03 18. 40 69. 49 1. 28 8.89 1.91 12. 59 87.41 
. 03 18. 66 70. 47 i3a2 7.48 2.04 15. 00 85. 00 
.02 16. 36 61.78 .08 16. 06 5.70 . 50 99. 50 
. 02 16. 45 6251-2; a15 14. 88 6.38 1.00 99. 00 
. 03 20. 44 77.19 94 1.99 .14 9. 55 90. 45 
. 03 20. 45 Uis28 24 1.92 ali Tigh TH 88. 89 
. 03 20. 68 78.10 . 05 1.06 .08 4.50 95. 50 
. 03 20. 63 77.91 . 05 1-32 . 06 3. 65 96. 35 
. 03 20. 61 77.83 . 06 1.39 . 08 4.14 95. 86 
. 03 20. 67 78. 06 . 06 ih! nOd Delonas 94.87 
- 03 18. 94 (ALES .18 2.89 6. 43 5. 86 94.14 
.03 19. 07 72. 02 .18 2.08 6. 62 7.96 92. 04 
. 03 20. 85 78. 74 . 02 .36 . 00 5. 26 94.74 
. 03 20. 83 78. 66 - 05 .41 O02) 10. 87 89.13 
-03 20. 60 77.79 .19 1.35 . 04 12.34 87. 66 


03 20. 57 77.68 . 22 1.49 OL 12.87 87.13 
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Specific 
gravity of 
sample 
(air=1), 


7997 


40 


BLACK 





Source of sample. 








Labo- 
ratory 
ah Mine 
No: Point in mine. 
5866 25 | Air-course entry......---- 
5867 25 
Fire area in sealed mine, 
5785 25 through hole in stopping 
of outcrop opening. 
5786 25 
5818 26 | Main return, 75 feet from 
mine mouth. 
5819 DOR ERTS GOs oe ae ee ee ne lee 
5822 27 | Face ‘of right entry, 1,200 
feet west of shaft. 
5823 Biases GO cane eee aoe eines Roa 
5730 28 Moath of 7th butt entry. 
5731 28ul nase dO. 2 ee eee ewes | ee 
5732 28 | Manway, 300 feet south- 
west of pit mouth. 
5733 25 ce oO ae EN EPs wc cree ees eee 
5656 29 | Main return, 10 feet from 
bottom of air shaft. 
5657 201e 82. Os Soles deh oo conic oeeae eae 
5658 29 | 8 ash entry, at head of 
last room through from 
9 east entry. 
5659 PAL aie ae 0 C0 ek ie a eel) gio 
a CO, 0.33 per cent. 





DAMP IN MINES. 


TABLE 4.— Results of analyses 





Remarks. 


was collected because of 


[ws sealed when sample 


@ previous mine fire. 


45,024 cubic feet of air per 
minute; 52° F., W. B. 
52.5° F., D. B.: ‘ relative 

humidity, 97 per cent. 

3,600 cubic feet of a per 
minute; 53° F., B., 
ie bad One Dek 8 aiare 

humidity, 94 per cent. 


ee ee ee es 


-| 9,800 cubic feet of air per 
F., W. B. 


"minute; 55° 
and D. B.; relative 
Copenh 100 per cent. 
40,500 cubic feet of air per 
minute; 52.5° F., W. B. 
53° F., D. B.; relative 
humidity, 97 per cent. 
11,300 cubic feet of air yn 
minute; 66° F., W. 
67° F.,.D. -B:; "relative 
humidity, 95 per cent. 
1 “$60 Eb feet of air per 
minute; 75° F., 
76° F., D. B.; ’ relative 
humidity, 96 per cent. 





Laboratory analysis. 


Per ct. 
3. 42 


3. 63 


. 90 


1.18 
20. 67 


20. 57 |. 


20. 53 


20. 50 
20. 60 


20. 64 
20. 74 


20. 69 
19. 85 


19. 87 
18. 16 


17.78 


b6 CO, 0.10 per cent. 


Per ct. 


1.70 


1. 66 


»40 


2. 21 


Per ct. 
81. 42 


81.24 


77. 45 


77. 40 
79. 25 


79. 30 
77. 72 


77. 76 
79. 23 


TAD 
79.14 


79.17 
79. 04 


78. 98 
78. 05 


78. O1 
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of coal-mine air samples, series 1—Continued. 





Recalculated analysis, showing air, black damp, and methane. Calculated composition 





of black damp. 
Specific 
gravity of 

Air. Black damp. sample 

eh 

CH, COs N2 arate 

COs Oz Np. CO, Nz 

Per ct. Per ct. Per ct. Per ct. Per ct. Per ci. Per ct. Per ct. Per ct. 

0.00 3.42 12.92 14. 42 68.50 { tr 17.39 82.61 1.051 
c. 33 
01 3.63 13.71 14.35 67.53 { re 17.53 82. 47 1.051 
c.10 
.00 .90 3. 40 19.60 74.05 { cae 20. 93 79.07 1.071 
.00 1.18 4.46 19.33 72.94 { . a 20.95 79. 05 1.069 
.03 20. 67 78.06 .04 1.19 ‘01 3.25 96.75 .996 
.03 20. 57 77.68 .06 1.62 .04 3.57 96. 43 .996 
03 20. 53 77.53 02 119 1.70 9.52 90. 48 "989 
.03 20. 50 77.42 .05 34 1.66 12.82 87.18 -989 
03 20. 60 77.79 109 1.44 "05 5.88 94.12 996 
.03| 20.64 77.94 .10 1.25 04 7.41 92. 59 994 
03 20.74 78.32 “04 82 -05 4.65 95.35 996 
.03 20. 69 78.13 .06 1.04 .05 5.45 94.55 .996 
.03 19.85 74.96 +68 4.08 "40 14.29 85.71 :997 
.03 19.87 75.04 .69 3.94 .43 14.90 85.10 .997 
‘03 18.16 68. 58 1.77 9. 47 1.99 15.75 84. 25 "994 
3 & 

.03 17.78 67.14 1.97 10.87 2.21 15.34 | 84. 66 994 











e Laboratory analysis, CO. 


49, BLACK DAMP IN MINES. 
COMMENT ON ANALYSES OF SAMPLES IN SERIES 1. 


The results of analysis of 111 samples of mine air from 29 coal 
mines are shown in the preceding taple. The percentage of black 
damp in the samples varies from 0.14 to 82.92. The average per- 
centage of carbon dioxide in the black damp is 11.5 per cent, and 
the average percentage of nitrogen is 89.5 per cent. 

The principal factors that probably affect the formation of black 
damp in coal mines are (1) time of contact between the air and coal; 
(2) rate of reaction of a particular coal with oxygen, with subsequent 
formation of some carbon dioxide; (3) temperature of the coal and 
the air, and (4) presence of moisture. Of these the two first are 
undoubtedly the most important; hence it is to be expected that 
different percentages of black damp will be found at different places 
in the same mine. In a return airway, where the velocity of the air 
current is high, and the air has been in contact with the coal only a 
short time, small percentages of black damp are found; however, in 
the same mine, at a working face, where the air travels slowly, or 
in an abandoned part of a mine, where the air is stagnant, the per- 
centages of black damp may be high, conditions clearly indicated 
by many of the results of analyses in the foregoing tables. 

If all coals upon reaction with air produced carbon dioxide in the 
same ratio to the oyxgen consumed, then the percentage composition 
of black damp should be always the same in all mines. Laboratory 
experiments show, however, that there is no such constancy, as 
some coals produce more carbon dioxide in relation to the oxygen 
absorbed than do others; hence black damp formed by the action 
of air on different kinds of coal must vary in composition. 

A question of interest arises, Should the ratio between the carbon 
dioxide produced and the oxygen consumed be always the same for 
each coal? If one takes a sample of fresh coal and treats different 
portions of it with oxygen under the same conditions, practically iden- 
tical results will be obtained. If, however, one portion is allowed to 
weather a long time, or if more moisture is present in one than in 
another, the results are not so concordant. Probably, also, other 
factors must be taken into consideration. The analyses given in 
the preceding table show a fair degree of concordance; that is, 
samples of black damp from different parts of the same mine do not 
vary as regards percentage composition of the black damp nearly so 
much as do samples from different mines, although there is lack of 
strict concordance which shows that even in the same mine different 
samples differ in composition. 
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TEMPERATURE AND HUMIDITY. 


Wet and dry bulb temperature readings were taken in 22 of the 
29 mines represented in the first series of results. In 6 mines of the 
22 the temperature was higher than it should be under the best 
ventilating conditions. In mine 11 the wet-bulb temperature at 
one place varied from 74.25° to 78.5° F. However, this place was 
used only for traveling. The wet-bulb temperature in mine 13, 
both at the face and in the moving air current, was too high. The 
proportion of methane was also higher than it should be, ranging 
from 0.67 per cent in the return 100 feet from the air shaft to 1.94 
per cent 25 feet from the seventh south entry. In other words, the 
introduction of more fresh air into this mine would not only have 
cooled it, but would have diluted the methane present. 

Mine 16 was poorly ventilated. In the return air course where only 
4,700 cubic feet of air was passing (samples 5077 and 5078) the 
carbon dioxide averaged 1.27 per cent and the oxygen 17.74 per cent. 
More air would certainly have been desirable. 

In mine 18 there were high temperatures combined with high 
carbon, dioxide, low oxygen, and high methane content in the air of 
the manway. 

In mine 20, the oxygen content of the air was low, the carbon 
dioxide and methane contents high, and the temperature high. 


RESULTS OF ANALYSES OF SAMPLES IN SERIES 2 TO 6. 


In Table 5 following are presented the results of analyses repre- 
senting mine air collected in different mines in this country. The 
results have been divided into five series following series 1 in the fore- 
going table. ‘The samples in series 2 and 3 were collected in mines in 
West Virginia. The samples in series 4 were collected in an anthracite 
mine in eastern Pennsylvania, and the samples in series 5 and 6 were 
collected in two different mines in Indiana. In each mine the 
sampler started at the intake, and traveled in the direction of the air, 
collecting samples at certain intervals, so as to show the progressive 
change in the mine air as it traversed the mine and came in contact 
with more and more coal. 

The table shows the laboratory number of each sample; the place 
where the sample was collected; the composition of the sample as 
received; the recalculated analysis showing the atmospheric air, 
black damp, and methane in the sample; and the composition of the 
black damp. Certain observations made in connection with the 
different samples are also given. 








44 BLACK DAMP IN MINES. 
TABLE 5.—Results of analyses of — 
SAMPLES IN SERIES 2, FROM 
: Tempera- 
iene ture at 
Ear Quantity | Poimtof | Rel 
- . uantity P ela- 
pane ae >| pling Point of sampling. ofair per | S2™pling- live hu- 
Pu anh irom: minute. |__| midity. 
intake 
shaft. Wet | Dr 
bulb. | bulb. 
Feet. Cubic feet..| °F. | °F. | Perct: 
1 6358 2,475 | Main air course of west heading........... 62,040 | 54 54 100 
2 6357 3,000 | Air course, off Green heading ..........-.. 16,884 | 54 54 100 
3 6355 3,400 | Air course, off Green heading, between 
TOOmMS 5: and'G sa: oer oo cee es ee eee 20,216 | 54 55 94 
4 6356 3,800 | Air course, off Green heading, between 
rooms 14.and:15. 7... -.u- see: ce saat nee 13,017 | 53 54 94 
5 6354 4,200 | Air course, off Green heading, opposite 
YOO? 24 oF oo none ote sets Me ee a es 9,928 | 53 55 88 
6 6361 4,600 | Air course, off Green heading, opposite 
FOOUS 33 jo. cc as eee eee ae ba eae 4,260 | 54 56 88 
a 6353 5,000 | Air course, off Green heading, opposite 
TOOMT 42050 eb ers ceee te s ne  eioe Air still. | 54 56 88 
8 6360 5,575 | Ritter heading, opposite room 48.......... 5, 266 | 56 57 94 
9 6362 6,075 | Ritter heading, right side, oppositeroom1.| Air still. | 55 56 94 
10 6352 6,250 | Ritter heading, room 55, off left side, atface.| Air still. | 56 58 89 
11 6359 6,275 | Ritter heading, at face of room 2, off right 
SIdG. SSS Ae eet ee eee ee Air still. | 55 56 94 
12 6350 6,575 | Ritter heading, 30 feet from upcast air shaft. 5,280 | 55 55 100 
SAMPLES IN SERIES 3, FROM 
1 6372 1,012 }/12 left -air course... Sc cee eee ee Air still. | 57 58 94 
2 6365 1,512 | Face of air course of X entry, off tenth left 
heading £142. liste SEU ee es Air still. | 58 | 59 94 
3 6366 1,812 | Face of room 3, off tenth right heading....| Air still. | 58 60 89 
4 6369 2,638 | Opposite first cross-cut beyond twelfth 
Jeft heading.) hepat 92h see ee ae Air still. | 58 59 94 
5 6373 3,438 | Between rooms 2 and 3, off twelfth left 
heading -/22e ocean ese eeetns een eee Air still. | 57 58 94 
6 6367 3,650 | Room 3, off twelfth left heading........-.. Air still. | 57 58 94 
u 6368 3,738 | Room 7, off twelfth left heading. -.......-. Air still. | 58 60 89 
8 6374 4,250 | Between first and second crosscuts.......- Air still. | 57 58 94 
9 6375 5,025 | Tenth left entry, opposite fifth crosscut... - 1,750 | 57 58 94 
10 6370 5,812 | Main air course at intersection with ninth 
rightiheading Sot sc. S Soe. seer 29,000 | 57 58 94 
11 6377 6,612 | Main air course, between third and fourth 
crosscuts, beyond eighth right heading. - 24,450 | 56 57 94 
12 6378 7,425 | Main air course, 40 feet beyond seventh ; 
left heading? 38226 oe eee oe ee sees 41,800 | 57 58 94 
13 6376 8,075 | Main air course, 60 feet in by fan.......-.-. 61,900 | 50 54 76 
SAMPLES IN SERIES 4, FROM AN ANTHRACITE 
1 6293 200’ |°200:feet: from slopes (2.2 ieee eee e 6,400 | 61 63. 5 87 
2 6290 470 | 470 feet from foot of slope......-----..---- 8, 61 64.5 82 
3 6296 682 | 682 feet from foot of slope, at face...-....-- Air still. | 61 63.5 87 
4 6297 802 | 802 feet from foot of slope................- 12,300 | 61 63.5 87 
5 6298 1,527 | 1,527 feet from foot of slope.....---...----- 10, 500 | 62 64.5 87 
6 6301 2,242 | 2,242 feet from foot of slope.-........-..--- 9,700 | 62 64.5 87 
7 6289 3,207 | 3,207 feet from foot of slope...........----- 8,900 | 64.5 | 66 87 
8 6302 4,320 | 3,800 feet from foot of slope. -.-....-------- 6,310 | 62 64.5 87 
9 6292 4,840 | 4,320 feet from foot of slope. ......-.-.--.--- 4,360 | 63 66 85 
10 6300 5,110 | 5,110 feet from foot of slope. ......--..----- Air still. | 63 66 85 
li 6299 5,915 | 5,915 feet from foot of siope.-...--...------- 7,170 | 63 66 85 
12 6294 6,575 | 6,575 feet from foot of slope.........----..-- 15,300 | 63 66 85 
i 
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mine-air samples, series 2 to 6. 


A MINE IN WEST VIRGINIA. 


Recalculated analysis to show air, black damp, 
and methane. 





Composition of sample as Composition of | Specific 
received. eat black damp. | gravity 
: eth- ir= 
Air. Black damp. ey Oy. 


eMC han RPEDerCL. eee. Claw hth Cbs os Chol has Clan |e boa Coe) be Chae Vouk Cla t pw Cheb eb. Chet) P... Ch. 


0.05 | 20.83 0.03 | 79.09 | 0.03 | 20.83] 78.66 0.02 0.43 0.03 4.4 95. 6 1.00 
-06 | 20.80 .03 | 79.11 | .03 | 20.80] 78.54 03 -o7 03 5.0 95.0 1.00 
-06 | 20.85 .04 | 79.05 | .03 | 20.85} 78.73 - 03 32 . 04 8.6 91.4 1.00 
.07 | 20.86 .02 | 79.05 | .03 | 20.86] 78.77 . 04 - 28 02 12.5 87.5 1.00 
.04 | 20.90 .02 | 79.04 | .03 |; 20.90] 78.92 -O1 12 02 Chest 92.3 1.00 

; 10] 20.76 .00 | 79.14 | .03 | 20.76} 78.39 07 75 00 8.5 91.5 1.00 
-11 | 20.75 .02 | 79.12 | .03) 20.75] 78.36 08 75 03 9.6 90. 4 1.00 
pil} -20. 71 03 | 79.15 | .03 | 20.71 | 78.20 08 SOS P=. O83 7.8 92.2 1.00 
-09 | 20.81 .00 | 79.10} .03] 20.81] 78.58 06 - 52 00 10.3 89.7 1.00 
.29 | 20.38 .02 | 79.31 | .03 | 20.38} 76.96 26 2.35 . 02 10.0 90.0 1.00 
-10} 20.77 .05 | 79.08 | .03 | 20.77) 78.43 07 65 05 Oa. 90.3 1.00 
-15 | 20.57 .04 | 79.24 | .03] 20.57) 77.85 .12 1.56 . 04 Heal 92.9 1.00 





A MINE IN WEST VIRGINIA. 








0.47 | 19.72 0.00 | 79.81 | 0.03 | 19.72] 74.47 44 5. 31 0. 03 Ciw! UPd Ee Soi oe 
52 | 19.64 02} 79.82 | .03} 19.64] 74.17 . 49 5. 65 02 8.0 9250) (oeece sae 
42 | 19.81 S02HR9. 70 0d be 19.8L-| 74.81 39 4.94 02 7.3 CPiiny beers Se 
-46 | 19.98 -00 | 79.56} .03] 19.98] 75.45 - 43 4.11 - 00 9.5 AU ie ee ete 
-43 | 19.82 .00 | 74.85 | .03 | 19.82] 74.85 - 40 4, 89 03 7.6 Pe VE ee 
-45 | 19.66 = 021) 79.87 | =. 030), 19506 4274502 42 5. 85 - 02 6.7 be ra fees each 
-67 | 19.54 SOL O.go7) 205, | 19058 73.09 . 64 5. 99 -O1 9.7 SONS setae oe 
-46 | 19.63 -08 | 79.83 | .03} 19.63 | 74.13 43 5. 70 -08 7.0 93.0) eases ee 
-O1 | 19.76 -O1 | 79.72 | .03| 19.76] 74.62 - 48 5.10 -O1 8.6 SE a Pe eee 
-39 | 20.14 .00 | 79.51 | .03 |] 20.14] 76.05 32 3. 45 -O1 8.5 OLS OL ase 
-35 | 20.24 - 02 | 79.39 -.03 | 20.24] 76.43 -32 2. 96 02 9.8 OF, 22 o-Ps = 
-40 | 20.13 -00 | 79.47] .03.) 20.13 | 76.01 37 3. 46 . 00 9.7 Ubi Ets Ba 
-20 |] 20.43 .03 | 79.34} .03 | 20.43 | 77.15 aa ly 2.19 - 03 7.2 O28 moe eats 

MINE IN EASTERN PENNSYLVANIA. 

0.09] 20.80 0.05 | 79.06 | 0.03 | 20.80] 78.55 0. 06 0. 51 0. 05 10.5 ot BOs Be ee 
-11) 20.74 -18 | 78.97 | .03 | 20.74 | 78.32 . 08 65 -18 11.0 S90: SR ees 
-15} 20.62 .36 | 78.87 | .03| 20.62] 77.86 12 1.01 36 10.6 bo OE al os 
12] 20.68 -19 | 79.01] .03} 20.68] 78.09 . 09 - 92 ails 8.9 OL ia sabes 
-13 | 20.69 -24 | 78.94] .03| 20.69] 78.13 .10 81 24 11.0 89,0 [ost 
-13| 20.65 .34 | 78.88] .03] 20.65] 77.98 10 - 90 34 10.0 GOR0: asic tes 
+16) 20.48 765°) 78. 71} 3.03! | 20.48 | 773384 13 - 65 65 8.7 Gis Siena 
09] 20.52 -80 | 78.59 | .03} 20.52) 77.49 - 06 - 80 - 80 5.0 05. Ol lae-eee es 
-16 | 20.49 294 178.410) 203-|. 20.49 ton 77.37 -13 1.04 94 11.0 89, Oil race Sas 
+19} 20.37 1.04 | 78.40 | .03 |) 20.37 | 76.92 16 1. 48 1.04 9.8 OO. 2ilseees eels 
-20 |; 20.29 1.17 | 78.34 | .03] 20.29} 76.62 Wi 1.72 24 9.0 Ot; One 
-22| 20.39 1.01 | 78.38 | .03] 20.39 | 77.00 Site 1.38 1.01 12.3 CVG IEE Fees 6 
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BLACK DAMP IN MINES. 


TABLE 5.—Results of analyses of 


SAMPLES IN SERIES 5, 





























Distance Tempera- 
peer Loree 
of sam- : uantit F Rela- 
Bottle | Sam- ling Point of sampling. x air ei sampling. |tive hu- 
No. | ple N P scan : ate 
minute. midity 
intake 
shaft. Wet | Dry 
bulb. | bulb. 
Feet. ‘ Cubic feet. | °F. | °F. | Per ct. 
1 6328 50 | Main east entry at air course...........-.-- 10,100 | 66 67 95 
2} 6322 562), Main east entry. «4. 4222: ais - =F ce. - ee 15,000 | 66 67 95 
3 6321 ies 0) |oGbie GO wa Fatimid esau ee anes, << neem s 13,680 | 66 67 95 
4} 6331 2,060 4: -=-- OOS psa pein ie eee = Loe eerie Ps 7,980 | 66 67 95 
5 6329 2,600. = te DOs 05.5 abaet at ano aaa oete an eee ee 7,790 | 65 66 95 
6 6330 3,560 | No. 1 room, off second west entry......... Air still. | 66.5 67 97 
a 6327 4,025 | Room 2, off second west entry, off main 
Gast .ODUy - Pee. nt. setae See ee ne ee Air still. | 65 66 95 
8 6326 4,175 | Room 7, second west entry, off main east 
Glollt Rye Annes hae od on Saya E CE SORE A sin A Air still. | 66 67 95 
9 6323 4,400 | Room 9, second west entry, off main east 
entry, at faces:... 2+ Aides: oe eae eee Air still. | 67 68 98 
10 6324 5,100 | Second west air course at overcast on first 
Gast ONUTY <3. wesela nce. gb oes ss eee see 1,470 | 66 67 95 
11 6325 6,500 | Return at junction of main sast entry and 
main NOL; Nventryass sco st eee eee 16,000 | 67 68 95 
SAMPLES IN SERIES 6, 
1 6303 (a) Foot of air shaft, intake air................ 35,700 | 65 66 95 
2] 6305 2,000 | Fourth west air course................-..- 9,150 | 60 61 94 
5) 6306 3,000 Foe. Ose. Sisig th Sn Se ae blr i hte me ee eae 13,500 | 61 62 94 
4| 6307 40009) tes dg..at. 202s schd meee ee eee - 11,425 | 65 66 95 
5 6308 5,300 | Face of room in eighth north entry, off 
fourth west air course: -..2.-----22--..-- Air still. | 63 63 100 
6 6309 6,300 | Face of eighth north entry, off fourth west 
Ait COULSC..... Ui os abaae dane ce eben ines 7,200 | 64 65 95 
if 6310 6,900 | Room 9, first south entry, off third west 
Ar COULSE. She aes oo eee ee eaten ena Air still. | 66 67 95 
8 6311 7,000 | Room 1, at face, off first south entry, off 
third west air course. ....2...5..5.....<- Air still. | 65 66 95 
9 6312 8,100 | Room 2, near face at breakthrough, off 
eighth north entry, off fourth west air 
COUTSO SBeisi win fe ee ee ee ee re ee el 8,710 | 65 66 95 
10 6313 9,800 | Fourth west air course, return side -....-. 8,710 | 65 66 95 
11 6314 10, 7008| Seen oi (sO POS AER, thy urte Ma ire ee ae? a 13,000 | 66 67 95 
12 6315 11,600 415. .=. GOSesh.) Sapet Ste eee ce eee ee 15,570 | 65 66 95 
13 6316 13000) see 56 C0 rR or Rat SP ch a ge aries ree 16,575 | 65 66 95 





a Sample taken at foot of shaft. 
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mine-air samples, series 2 to 6—Continued. 


FROM A MINE IN INDIANA. 





Recalculated analysis to show air, black damp, 
and methane. 


Composition of sample as Composition of : 
received. Te ae ir bln dastzpi! | Spoelte 
Air. Black damp. ates (air= 


ye 





—S—— | —_ ——— | | | 3 

















PamCO MPO ACl Aa eeE> SCL Mier. Cho lakes Chale Cb | tine Cl. OP ae ee. We PCE Pee. Che (Vis Cte Ve kb. ct. 

0. 05 20. 87 0.00 | 79.08 | 0.03 20. 87 78. 81 0. 02 0. 27 0. 00 6.9 O38 IN ee pe 
. 08 20. 81 -00 | 79.11 03 20. 81 78. 59 . 05 22 - 00 8.8 GN oe Se 
. 06 20. 82 -00 | 79.12 -03 20. 82 78. 62 - 03 - 50 - 00 ee Bn Wa senere aan 
-09 | 20.80 -O1 | 79.10 |} .03 | 20.80] 78.54 . 06 . 56 01 9.7 GOSS a1 EE Cee eae 
19 20. 55 00 | 79. 26 03 20. 55 77. 60 .16 1. 66 - 00 8.8 9 A be oe 
- 56 19. 55 -O1 | 79. 88 . 03 19. 55 73. 82 Oo 6. 06 - 00 8.0 OZONE ea cee S 
.76 | 19.04 - 077)’ 80:13: }* 203°} 19.04.) 71.90 -73 8. 23 .07 8.2 OLS Shin Rae. 
. 74 19. 00 -07 | 80.19 . 03 19. 00 71. 74 ctf 8.45 07 (ote QD ers 
HG5:}). 18..67 Shae SOnsor Ose tbe ls. O7 a1 22 0s.00 . 82 9. 85 13 ahs ti OAS Went tet 
04} 19.53 204) | 79:89) 17..08 ]). 19.53 1%. 73.75 ati 6. 14 . 04 ed SRE te pet polls 
EDD 19. 59 .02 | 79. 84 . 03 19. 59 73.97 202 5. 87 02 8.1 OL Sole tee 

FROM A MINE IN INDIANA. 

0. 04 20. 90 0.00 | 79.06 | 0.04 20. 90 79. 06 0. 00 0. 00 0. 00 0.0 COCO I = ese 
07 20. 78 -10 | 79.05 . 03 20. 78 78.47 . 04 58 .10 6.5 ty oy (eee a ee 
sail 20. 70 ~10 | 79.09 .03 20. 70 78.17 . 08 .92 . 10 8.0 92) 0) ieee ce 
.14 20. 67 13 | 79.06 03 20. 67 78. 05 sual 1.01 e135 9.8 00:2) Saas ee 
B25 20. 43 41 | 78.91 . 03 20. 43 77.15 Ape 1.76 41 ial al S829) [22 0b ae. 
Ppt: 20. 43 222) 79504 . 03 20. 43 Vie ld adhe! 1.99 ~22 8.3 ta fal ane ae: 
2D 20. 31 LON OLS 03 20. 31 76. 69 222 2. 49 . 26 8.1 NC Mad os ues 
49 19. 89 .52 | 79.10 03 19. 89 oe Ld. . 46 3.99 Ry 13.9 RG es ate nee 
. 24 20. 57 14 | 79.05 03 20. 57 77. 68 PAN 1. 37 14 Be &! SOs Tel se ee ok 
ot 20. 36 - 29 | 78.98 - 03 20. 36 76.88 . 34 21) . 29 13.9 SO: Lele ce 
. 76 19. 58 18 | 79.48 203 19. 58 73.94 oto O04 hs al. '6 SSa4 leer gece 
155 19. 67 .16 | 79. 62 - 03 19. 67 74, 28 hie 5. 34 SELO 8.9 OULAM Eee ses 

H27 18. 08 - 12 } 80.53 - 03 18. 08 68. 27 1. 24 12. 26 212 9.2 90584|-2 eee 
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COMMENT ON RESULTS OF SAMPLING AND-ANALYSIS. 
SAMPLES IN SERIES 2. 


It will be noted that the first sample of series 2 was collected 2,475 
feet from the intake, and the succeeding samples at greater distances, 
until the last one was taken 6,575 feet from the intake. In general, 
the first samples were lower in carbon dioxide content and higher in 
oxygen content, and consequently contained less black damp, but the 
change was not so marked as in the samples of other series. The 
composition of the black damp was fairly constant, ranging between 
4.4 per cent and 12.5 per cent carbon dioxide and between 87.5 and 
95.6 per cent nitrogen. The average composition of the black damp 
was carbon dioxide, 8.4 per cent; nitrogen, 91.6 per cent. 


SAMPLES IN SERIES 3. 


The first eight of the samples in series 3 were collected in still air 
at working faces. The proportion of carbon dioxide ranged from 0.20 
to 0.67 per cent, the oxygen content ranged from 19.54 to 20.43 per 
cent, and the percentage of black damp ranged from 5.75 to 6.13 per 
cent, a small but still noticeable increase. The last five samples were 
collected in the air current and the greater purity of the air is notice- 
able. The composition of the black damp was remarkably constant, 
ranging from 6.7 to 9.8 per cent carbon dioxide and from 90.2 to 93 
per cent nitrogen. The average composition of the black damp was 
carbon dioxide, 8.4 per cent; nitrogen, 91.6 per cent. 


SAMPLES IN SERIES 4. 


The change in the composition of the air as it traversed the mine is 
much better indicated by the data regarding the samples in series 4 
than by those for the samples in the two preceding series, because the 
volume of air traversing the place where each sample was collected 
did not differ enough to influence markedly the percentage change in 


the carbon dioxide and oxygen contents. Some irregularities due to 


this cause were, however, noticeable. At the place where sample 
6294 was collected, 15,300 cubic feet of air was passing, whereas at 
the place where sample 6299 was collected, 7,170 cubic feet of air 
was passing; this difference in the quantity of air passing made the 
percentage of black damp in sample 6294 (1.57) appear less, whereas 
in reality the cubic feet of black damp was greater, being 240 cubic 
feet (15,300 by 1.57) as against 136 cubic feet (7,170 by 1.89) for 
sample 6299. 


SAMPLES IN SERIES 5. 


A noticeable increase in the percentage of black damp is seen in the 
samples in series 5. Samples 6330, 6327, 6326, and 6323 were collected 
at working faces in still air, and consequently were much higher in black 
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damp than the other samples. These samples also showed a progres- 
sive increase in black damp content as the distance from the intake was 
increased. The greatest vitiation in the moving air was noticeable 


in samples 6324 and 6325. 


The composition of the black damp was nearly constant. The 
average proportion of carbon dioxide was 9.8 per cent, and of nitrogen 
90.2 per cent. 


SAMPLES IN SERIES 6. 


Progressive vitiation of the air is also noticeable in the samples of 
series 6. A noticeable feature is the large increase of black damp in 


sample 6316, as compared with the proportion in sample 6315. 


The average percentage of carbon dioxide in the black damp is 10.2 


per cent and of nitrogen 89.8 per cent. 


_. EFFECTS OF TEMPERATURE AND HUMIDITY AND OTHER FACTORS. 


The temperatures in the mine where the samples of series 2 were 


collected were all moderate, in fact, highly desirable working tempera- 


tures. The carbon dioxide content was not high, but the oxygen 
content was satisfactory and practically no methane was present. 
No fault could be found with the condition of the air in this mine. 

In the mine where the samples of series 3 were collected the carbon 
dioxide content was higher than in the foregoing mine, the oxygen 
content lower, and the temperatures a little higher. However, 
according to modern ideas of the purity of air and the effects of mine 
air on individuals, one would say the conditions of the air in this mine 
were all right. 

The same is true of the mine where the samples of series 4 were 
collected, except that the ventilation needed closer watching because 
of the presence of methane in the air current. <A proportion of 1.01 
per cent of methane in an airway (sample 6294, where 15,300 cubic 
feet of air was passing) is rather high. However, the sample repre- 


sented an anthracite mine in which dust does not constitute the 


menace that it does in bituminous mines. Many of these mines are 
extremely gaseous; consequently more difficulty is experienced in 
keeping the methane down to small percentages than in most bitu- 
minous mines. 
_ In the mine where the samples of series 5 were collected conditions 
were fairly good. At one working face (sample 6323) the oxygen 
content was 18.67 per cent and the carbon dioxide content 0.85 per 
cent. The mine was not gaseous. The temperatures were satis- 
factory. 

In the mine where the samples in series 6 were collected, one 
sample (No. 6316) was high in carbon dioxide (1.27 per cent) and 
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low in oxygen (18.08 per cent). This sample was collected in the 


return air where 16,575 cubic feet of air was passing. ‘The tempera- % 


- 


tures were satisfactory, 


. EFFECTS OF LEAKAGE OF AIR THROUGH DOORS, BRATTICES, ETC. 


Necessarily the composition of the air in an entry is influenced 
greatly by the leakage of air through stoppings, doors, brattices, and — 


overcasts. For instance, the air may be practically normal at a 
particular place in an entry, not having traveled very far in the 


mine, and hence not having reacted with much coal. A short dis- — 


tance farther, however, a decided change in its carbon dioxide and 
oxygen content. might be caused by badly vitiated air leaking 
through a door. That mine will have the tightest doors, overcasts, 
etc., in which the air shows a gradual and uniform change in com- 
position as it travels through the mine. 


INFLAMMABLE GAS IN MINES. 


Although this report deals primarily with the vitiation of coal-mine — 


air by changes in the content of carbon dioxide and of oxygen, some 
reference to the presence of inflammable gas (methane) is required, 
because coal-mine ventilation is largely governed by the quantity 
of inflammable gas entering the workings. 

For instance, the bituminous-mine law of Pennsylvania states that 
in a nongaseous mine the minimum quantity of air shall be not less 


than 150 cubic feet per minute for each person employed, and in a — 


mine wherein explosive gas is being generated in such quantities that 
it can be detected by an approved safety lamp, the minimum quan- 
tity of air shall be not less than 200 cubic feet per minute foreach 
person employed therein, and as much more in either case as one or 
more of the inspectors may deem requisite. Further, under the law 
mentioned, the use of open lights is prohibited in any entry, airway, 


traveling way, room, or any other working place where explosive. 


gas is likely to be encountered, and in all such places locked safety 
lamps must be used exclusively. 

In other words, the fact that coal mines generate inflammable gas 
in greater or less quantities has necessitated the introduction of fresh 
air to dilute the gas, and this natural gaseous condition of many coal 
mines has had a great deal to do with keeping the air of coal mines 


in good condition. The presence of inflammable gas introduces the — 


danger of disastrous explosions, especially in mines where the air is 
not controlled properly, but this danger, by leading to the continu- 


ous introduction of immense volumes of fresh air, year after year, has 


undoubtedly been the chief element in assuring good ventilation. 
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In general the air in mines that are termed “gaseous,” and conse- 
quently are required to have large volumes of air coursing through 
_them and must be inspected more thoroughly to keep all parts of the 
workings free of inflammable gas, is higher in oxygen, lower in carbon 
dioxide, lower in temperature, and moves faster, and in all ways has 
-a higher standard of purity than the air in those mines that are 
termed nongaseous and hence are not required by law to have as much 
fresh air passing through them, and, in which, because they are not 
menaced by inflammable gas, the ventilation is not regulated as 
carefully. 


OCCURRENCE AND COMPOSITION OF GAS IN ROCK STRATA OF THE 
CRIPPLE CREEK GOLD-MINING DISTRICT, COLORADO. 


_ The senior authors of this paper, while in Colorado on other official 
business, made a trip to the Cripple Creek gold-mining district to get 
“more data than is at present available regarding the composition of 
the gas that issues from the rock strata into the gold mines of the 
district. This gas was said to cause suffocation, and hence to be a 
menace to life. The data presented herein relate principally to the 
composition of this gas and its effects on men and on lights. 

It is estimated that 25 to 100 miners have been killed by the rock 
gas in the 25 years that mining has been vigorously carried on at 
Cripple Creek. Many men have had narrow escapes from death, 
some of them having been incapacitated for days. In addition, on 
certain days men can not enter some of the workings. At a few 
mines fans are used to force outside air into the mines, thus improving 
conditions in large measure, but even this plan, as used at Cripple 
Creek, is not entirely adequate at all times. 


ORIGIN OF THE STRATA GAS. 


Lingren and Ransome 2 believed that the gas found in the rocks of 
the Cripple Creek mining district represents the last exhalations of the 
extinct Cripple Creek volcano. In support of this they stated that 
little timbering is used in the mines, hence one can not account for 
the decrease of oxygen or increase of carbon dioxide by oxidation of 
timber. Further, there is only a small proportion of pyrite and car- 
bonates present in the rocks and ores as compared to that in many 
other mines entirely free from gas. Moreover, no gas occurs in the 
oxidized zone, showing that oxidation can not have anything to do 
with it, and as the gas increases with depth it must be mainly accu- 
mulated in strata at depths below those penetrated by the deepest 
mines of this district. 








aLingren, W., and Ransome, F. L., Geology and gold deposits of the Cripple Creek mining district: 
U.S. Geol. Survey, Prof. Paper 54, 1906, p. 257. 
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EFFECTS OF BAROMETRIC PRESSURE ON OUTFLOW OF STRATA GAS. 


The gas is confined in the rock under such low pressure that varia- 
tions in the outside atmospheric pressure may materially affect the 
outflow of gas into the mines. Also, at these mines where fans force 
air in, thereby putting the workings under about 6 or 7 inches of 
water pressure (about 0.5 inch of mercury), the workings are more 
or less free from the rock gas which is held back in the pores and 
crevices of the rocks. The variation in outside atmospheric pressure 
is easily more than 0.5 inch of mercury, and the effect of the 
barometric pressure on the outflow of gas is appreciated by mining 
men. 


COLLECTION OF SAMPLES OF GAS IN FOUR METAL MINES. 


One of the authors collected samples of gas in the Mary McKinney, 
Anaconda, Midget, and Cresson mines. Data regarding the samples 
are contained in Table 8. General remarks on some of the mines 
represented in the table are presented as bearing on the data given 
in the table. 


OBSERVATIONS ON GAS IN MIDGET MINE, 


The Midget mine is situated on the west slope of Gold Hill. The 
workings are partly in breccia and partly in the fine-grained gray 
eneiss common to the district. The mine has 10 levels. From the 
shaft to the tenth level is about 900 feet. About 20 men work under- 
ground on a leasing system. As regards the men in the levels where 
samples of gas were collected, four men were in the seventh level, 
four men on the eighth, and nobody, on account of bad gas condi- 
tions, on the ninth or tenth. In the afternoon of the day of sampling 
the men had to leave the eighth level on account of the gas. Gas 
conditions were said to be worse than usual at the mine on that day. 

The Midget mine uses a pressure system of ventilation. On the 
surface is a 5-foot Sturtevant fan driven by a 20-horsepower motor 
which forces air through an air compartment in the shaft to a point 
below the second level, whence the air spreads into the various levels. 
In the drifts at various distances from the shaft are air doors, built 
of 1-inch boards and tightened with canvas. Thus, a small pressure, 
3 or 4 inches water gage, is placed on the mine workings, sufficient 
to check in part the outflow of gas from the rocks and enable the 
men to do more work than they could without the fan. But when 
the outflow of gas is stronger than usual, workmen are sometimes 
driven from the lower levels, and occasionally can not reenter for 
days. 
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The Conundrum mine was the first in the Cripple Creek district to 
install this system of ventilation. This mine adjoins the Midget. 
_ Of the series of samples collected at the Midget mine, only one, 
No. 664, was collected outside the pressure area or zone and beyond 
the door. Candles burned freely inside the door, but 20 feet beyond 
they went out, indicating at this point less than 17 per cent of oxy- 
gen. When the door was opened the air rushed through with suffi- 
cient strength to blow out the lights. 


GENERAL OBSERVATIONS REGARDING GASEOUS CONDITIONS IN ANACONDA MINE. 


The workings of the Anaconda mine in the town of Anaconda 
extend through Gold Hill. The mine is worked through an adit 
having a portal at Anaconda. The prevailing country rock is breccia, 
with some irregular bodies of latite-phonolite and a few dikes of 
phonolite and basalt. 

The Anaconda shaft is reached by means of an adit 1,135 feet 
long. The fourth and fifth and lower levels are at times much 
troubled by rock gas. The progressive vitiation of the air in the 
fourth drift of the fourth level is shown by the data presented in 
Table 6 regarding the first six samples from the Anaconda mine. 
In taking sample 691, 300 feet north of the shaft, which contained 
9.02 per cent of oxygen and 5.51 per cent of carbon dioxide, the 
sampler advanced with an acetylene lamp held near his mouth, until 
the lamp went out (about 12 or 13 per cent oxygen), then reached 
down and collected the sample near the floor. The dangerous 
stratification of the gas is well shown by these analyses. At the 
height of a man’s mouth the air was breathable, but at the floor 
a man would collapse quickly because of the small amount of oxygen 
(5.51 per cent) there. Similar stratification is shown by samples 
taken at other points. 

It was noticed on another occasion that a lighted candle would 
burn fairly well at one point in a drift, but become extinguished 
further along, although great care was taken that it should not 
be extinguished by a sudden movement or jerk. At a point still 
further in the drift it would stay lighted. Usually, though, the 
nearer one approached the breast of a drift containing much rock 
gas the worse the air became. 


OBSERVATIONS ON GAS IN CRESSON MINE. 


The Cresson mine is on Raven Hill about two and one-half miles 
from the Midget mine and two miles from the Anaconda mine. It 
has 13 levels. The prevailing country rock is andesite breccia. 

A wooden door made as tight as possible is placed in each drift 
beyond the workings and a compressed-air pipe is run through a 
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hole in the door and is sealed around as tightly as possible. A valve 
placed inside the door provides for turning on the compressed air. 
When the air is turned on the rock gas is kept back. The effective- 
ness of this plan is shown by the analyses of samples collected inside 
and beyond one of these doors. 

In collecting sample 760 the collector advanced 10 feet beyond 
where the air was comparatively good, holding his breath, then 
quickly snapped the sealed and evacuated glass sample bottle, 
whereupon the mine gas immediately filled the bottle, after which — 
he quickly came out. Even so he had a narrow escape, for his 
knees became weak and his mind slightly hazy, owing no doubt to 
inadvertently breathing a little of the atmosphere. As soon as he 
came to better air 10 feet away he felt all right. 

Sample 760 showed the effect of the compressed air in holding © 
back the rock gas. At the height of a man’s head just at the door 
the oxygen content of the atmosphere was 16.23 per cent, whereas 10 
feet beyond the door the oxygen content was only 2.69 per cent. 
This sample more closely approximated the pure rock gas than any 
other collected. 

So-called blowers of gas are difficult to find in the Cripple Creek 
mines. The escape of gas from the rocks usually is uniform from 
thousands of small pores rather than from large outbursts at one 
particular place. If one calculates the air-free composition of this 
sample (No. 760), by eliminating the nitrogen and oxygen accord- 
ing to the proportions found in atmospheric air, the composition 
becomes 12.69 per cent carbon dioxide and 87.31 per cent nitrogen. — 
These figures show the composition of the pure rock gas, if one assumes 
that the air in the sample as collected was due to dilution of the 
rock gas by the mine air. 

Apropos of the occasional small outbursts of gas from the rocks, it 
is interesting to mention at this point an incident related by the 
superintendent of the Midget mine. In the course of his duties in the 
mine he was leaning against the wall of a drift with his face close 
to the rock, talking to another man. Suddenly he felt dizzy and 
breathless and his knees became weak. Although not knowing 
the cause of his distress he changed his position and soon felt better. — 
Then it occurred to him that possibly a small feeder of gas was 
finding its exit close to where he had been standing; so he put his 
carbide lamp up against the rock at that place. It was immediately 
extinguished, showing that his assumption had been correct. 


TABULATED DATA. 


Table 6, presenting detailed data regarding the samples taken 
in the four mines under consideration, follows. 
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58 BLACK DAMP IN MINES. 
SPECIAL AIR SAMPLES FROM MARY M’KINNEY MINE. 


The Mary McKinney mine is situated on the south side of Squaw 
Gulch, opposite the town of Anaconda. The first ore was shipped in 
1893. ‘The workings are mainly in breccia and phonolite. Data on 
the air samples collected in this mine by one of the authors is shown 
in Table 8. 

At the instance of the authors mine-air samples were collected by 
A. G. Suydam, a mining engineer of Cripple Creek, for 22 days, almost 
daily, in the Mary McKinney mine, in the No. 12 north drift, on the 
800-foot level, about 1,800 feet from the shaft. The point of sam- 
pling was close to a fissure in the rock from which a ‘‘feeder” of 
rock gas intermittently issued. 

Table 7 following shows the number of samples collected at this 
point by Mr. Suydam, date of sampling, results of analyses, and the 
direction of the wind and the barometric pressure on the date the 
samples were collected: 


TaBLE 7.—Data regarding gas samples collected near feeder in Mary McKinney mine. 


Date of Analysis. x : Baro- lle : : 
; collec- irection of | metric ondition o trength 
Sample No. tion of wind. pres- weather. of wind. 
sample. | COz¢ O2 Ne sure. 
1915. In. Hg 
GUS) cere aes oo Nov. 1 0.24 | 20.58] 79.18 | N. toNW..... 22.00 | Clear st oie nde oer Mild 
DOS4 ee ceee cee Nov. 3] 12.06 2.97 | 84, 97eisS Wises cece 22° 208 owes RE ieee toe cs Cy) 
GO8G52 02 eens Nov. 5] 13.27 94] 85.79 | S. toSW...... 22.16 | Partly cloudy...-. Do 
HOSUSanren ees Nov. 9 8. 84 7.83 | 83.33 | S.toSW...... 22. 061 ee Of Coa s seen Do. 
GOSS Ses oa ee Noy. 11 ohn} 820.:79)] 4.795085) IN Wis LOUN==s oe 21.96 | Clear and cold....-.| Strong. 
GO80 Fe et Nov. 13 | 11.05 3.39 | 85.56 | S.toSW...... 21.93 | Partly cloudy....- Mild. 
GOSSte ee oe cess Nov. 15 7.86 8.89 | 83.25 | N. to NW....- 22.00 | Clear and cold.....| Brisk. 
GU88s5 cco eos Nov. 22 41 | 20.64} 78.95 |. N. to NW-....| - 22.16 7 Clear. .v.. 200%... Mild. 


In addition to the results given above some interesting observations 
were made by Mr. Suydam as to the effect of different wind and 
barometer conditions on the air in the drift of the Mary McKinney 
mine as indicated by candles and acetylene lights. These data are 
shown in Table 8, following. | 
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TaBLE 8.—Data regarding effect of wind and barometer conditions on air in drift of Mary 
McKinney mine, 




















Wind. 
Date. Shon Sky. Remarks. 
Direction. Strength. 
1915 

Oct. ll 21.875 | S.toS.W.. Mildieee2 ec Cloudy..... Mine closed because of strata gas. 
12 219550" IN. towN: Hie 22e- 5S. Calna 2h Clearth 324. Air good in drift. 
14 DUFOS5s AN: Hato Nice =seecalocee. (6 (Sa es ae Cloudy.....- Some strata gas in drift. 
15 DI-O3O LN, COUNT. ek es Strong see dove Air good. 
16 22 ISOM SW A tOSo eo. ole Calmsee a anes domes. Do. 
17 22.185 | N. toN. W. Milde see 2e Clearti2ea Do. 
19 O25 Loreen Ore ee selene GOS Beemer. Goss Do. 
21 225240 sess COIs Bal me sete tons. Mon reweeel ot ee (Shope a Be Do. 
22 22 USO Nese Ogee. eK ae toe Calmveors.-! Pe COUwe er ee Some strata gas in drift. 
23 222205 ni CLE F- Cogvaveeeere nile 48 dot. ost Je Owniae s ‘Do. 
25 22200 Ha Neto Ne Wisse else oe doe sooee Sdow ees Air good. 
26 22c200 EN SLOW eine bee a Light sree, GOle cee Do. 
FA Z2ISSO LIEN UO NGENY, ccna AlN toe Eidos Do. 
28 D2 5a80N aenie One BS Goss ste Sea dole Do. 
30 22. 2300S... UO. tO W o.| BLISK: 4... - 1B : aH 1 y | Strata gas in drift. 

cloudy. 

Nov. 2 22. 260 ik ee Saye Weerto. | Milde. eta iee. cs do. .....| Air good. 
PO e750: B, bo, 8s Week ela do.=25 Boga tos ' Do. 
16 2IECOO LEN: COUN: Wise... c- lace. = do. .-| Clear (cold) .| Strata gas in drift. 
Bale eae Ne Ae te CO ee se oe do i cpae OO Fee ene No gas; air good. 
19 PI ASO MEN EW bOUNG seca. secant OMe ss Cleart..c ene Air good. 

Regarding those samples that were collected and analyzed, the 


total number of samples collected was too small to permit the draw- 
‘ing of rigid conclusions. With one exception (sample No. 6988) the 
largest amounts of carbon dioxide and the smallest amounts of 
oxygen were found in samples collected when the wind was from the 
south or southwest. This relation agrees with statements of some 
mining men that when the wind came from the south or southwest 
the most rock gas entered the mines. 

Table 7 shows that rock gas was present in the north drift of the 
Mary McKinney mine when the wind was south or southwest in 4 
cases and when it was north in 2 cases. Also in 10 cases the air was 
good in the drift when the wind was from the north, and in 3 cases 
when it was from the south or southwest. Also a consistent relation 
could not be traced between the barometric pressure and the presence 
of rock gas. 

Some of the mining men of the Cripple Creek district have a theory 
that when the wind comes from the south or southwest it sweeps up 
canyons where the rock outcrops. These, being somewhat porous, 
permit the entrance of atmospheric air, which forces the rock gas 
into the mine workings. 
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COMPOSITION OF STRATA GAS SAMPLES CALCULATED ON AIR-FREE 
BASIS. 


It was impossible to procure samples of pure strata gas as it issued 
from the rocks in the Cripple Creek mines during the visit of one of 
the authors. Entrance was made as far as it was possible to pene- 
trate into some of the drifts that were most affected. A sample 
(No. 760) containing 2.69 per cent oxygen was obtained from the 
Cresson mine and was the sample containing the largest percentage 
of strata gas. Undoubtedly if one had been able to penetrate 15 
or 20 feet farther into the drift a sample practically devoid of oxy- 
gen could have been procured. One can determine rather closely the 
composition of the strata gas, however, by selecting those samples 
that contained the smallest percentages of oxygen and calculating 
them air-free, as has been done in the following table: 


Air-free composition of samples containing small percentages of oxygen. 


MIDGET MINE. 


Calculated air-free. 


Sample Combus- 
N COx. Oo. tible gas. Ne. Total. 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 


770 8. 84 10. 86 0. 00 80.30 100. 09 18.37 81.63 
400 8.68 10. 86 . 00 80. 46 100. 00 18.03 81.97 


794 7.35 11.63 per) 81.02 160.00 16.53 83.47 


ANACONDA MINE. 




















966 7.96 7.50 0.00 | 84.54 | 100.00 | 12.40 | 87.60 
937 BAS eT 00 | 82.79 | 100.00 | 12.41 | 87.59 
691 9.02 5.51 100, |", 85.47 [. 106.00<-) 5 12:03 's| so87eg7 
750 8.09 7.19 00 | 84.72 | 100.00 | 12.32 | 87.68 
MARY McKINNEY MINE. 
762 7.54 8.01 0.00 | 84.45 | 100.00 | 12.20 | 987.8 
976 5.88 | 10.71 00 | 83.41 | 100.00 | 12.03 | 87.97 
CRESSON MINE. 
797 8.90 7.08 0.00 | 84.07 | 100.00 | 13.4 86. 6 
760 | 11.08 2.69 00 | 86.23 | 100.00 | 12.71 | 87.29 

















These calculations show that the composition of the strata gas 
varied between 12.03 and 18.37 per cent of carbon dioxide and 81.63 
and 87.97 per cent of nitrogen. The average of all of the results is 
13.87 per cent of carbon dioxide and 86.13 per cent of nitrogen. 
Thus, the rock gas is a mixture of carbon dioxide and nitrogen. In 
making the calculations it was assumed that no oxygen is present 
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in the gas as it issues from the rock, and that any air in the samples 
was due to dilution of the rock-strata gas by the air of the mine. 
This assumption appears to be justified because in a drift more or 
less filed with rock-strata gas the gas becomes less and less diluted 
with oxygen as one travels from the good air of the mine farther and 
farther into the bad air of the drift. 

A tendency was noticed among the mining men of Cripple Creek 
to speak of the strata gas as carbon dioxide or at least as if carbon 
dioxide was the predominating constituent. This is not the case. 
Nitrogen is much in excess. The bad effects produced are principally 
due to the fact that the rock gas so dilutes the air of the mines that 
the oxygen falls to a point where lights will not burn or so low that 
- life is endangered. 

In the authors’ opinion the acetylene light should not be used as 
the sole warning against the presence of gas in these mines. It is 
true that where the acetylene lamp burns there is enough oxygen 
(12 to 13 per cent) in the air to support life, but under such conditions 
the air only a short distance beyond in a drift or at the floor may be 
fatal to life. The warning of a candle flame affords a much wider 
margin of safety. At some mines the operators allow no work to be 
performed where a candle will not burn. 


EFFECT ON MEN OF PARTIAL PRESSURES OF OXYGEN. 


The effects of carbon dioxide and oxygen on men and lights have 
been discussed in a previous part of this report. A point that can be 
profitably emphasized here is the effect of the partial pressure of the 
oxygen on men. 

The effects of working in bad air of the Cripple Creek mines are 
typical of the effects produced by any low oxygen and high carbon 
dioxide atmospheres. After a day’s work the men suffer a feeling of 
oppression, heaviness, and lassitude, or sleepiness, and a loss of 
appetite, the degree of distress depending, of course, upon the extent 
of vitiation of the air. When the air gets very bad, say when a 
candle will not burn, slight exertion causes breathlessness. Much 
exposure in bad air brings on headaches and nausea and complete 
exhaustion. That more fatalities do not occur is due to the fact 
that the men fairly well appreciate the warning of their lamps and 
are careful about venturing where acetylene lamps will not burn. 
Collapse may be very sudden in atmospheres low in oxygen. In 
fact, it is typical of such atmospheres that little warning is given of 
their great danger. In some cases men who have collapsed and 
been rescued have been days recovering. The after effects are very 
similar to those produced by poisoning by carbon monoxide. 
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COMPARISON BETWEEN THE INDICATIONS AFFORDED BY CANDLE AND 
BY ACETYLENE FLAME AND ANALYSES OF THE SAMPLES. 


At each place where samples were collected by one of the authors 
he made a note of the condition of his lamp flames, both candle and 
acetylene. It is interesting to compare these observations with the 
oxygen percentages of the various samples, as in the following table: 


Data showing relation of oxygen contents of samples to burning of candle and acetylene 
lamp flames. 


MIDGET MINE. 












































Oxygen Acetylene Oxygen Acetylene 
Sample No. in eae, lamp Sample No. in ane, lamp 

sample * | burned. sample. * | burned. 

Per cent. Per cent. 
OL Mee ers oe: ae ee eee 165570 | Noles: No. 400s St Se: 10.86 | No.....- No. 
FAAS he es pects ee es aaa 18.92 | Yes..... Yes. (O46 SS ae eae ok ee 113630) BNO seas No. 
FLO RL ae Ease Se 10. 86 | No...... No. 664.25 7 Oe ae 15:06} NOs 2 Yes. 
290 Ue et re eee 18.53 | Yes@._.| Yes. 

ANACONDA MINE. 
OGG Sea ey ee eee 7.50 | No....-- No. GOASE A eh eet ae 2 18.30 | Yes@.._.| Yes. 
O37 eee Aa coe rae LTS Sa NO ee ace No. AG Ty Oe ee poe eo 18.44 | Yes@.._.| Yes. 
GOL Se sate 2s ee 5.51 | No...-.- No. 6903352 We cere 17.70 | Yesa@.._.| Yes. 
COO sca eae ne ee 7.19 | No.....- No. 
MARY McKINNEY MINE. 
TOL eco ee Wy LOSAOR IPN Oseee a: No. (80 [ae ee oe ee ISS TaN Osea Yes. 
(OLR. Rae ene See S:Ols|CNGr.2. -. No. OG Seer eee LOS ONO eae ee No. 
CRESSON MINE. 

UR hace Reams See eee (e03RIN Ofer No. (OLS fe ee eee 14.054) Nol ae_. Yes. 
TOD eee Lee ed 16.23 | No.....- Yes. (ip mez omens 54 ie Us i 16.74 | No...... Yes. 
EGO sh iere See ee tes 21.69 | No...... No. LLDECS ee eee 16365 1ONOsee =e Yes. 
TAS) SRA RR & hc ae ee Sa 17.19 | Yesa@....| Yes. O44 SS. Ree dese 17.78 | Yes@....| Yes. 


a Feebly. 


In general these results show that the candle flame became extin-: 
guished when the oxygen in the atmosphere fell to 17 to 18 per cent, 
and that the carbide flame was extinguished when the oxygen con- 
tent fell to 12 to 14 per cent. 


COMBUSTIBLE GAS IN THE ROCK-STRATA GAS. 


Eight of the samples examined contained traces of combustible 
gas. The largest proportion was 0.03 per cent. Presumably all of 
the samples contained small proportions that could not be detected 
by analysis. The relation between the contraction and the carbon 
dioxide content indicated that this combustible gas was methane. 
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Rarely a small outburst of gas is encountered that burns when a 
torch is applied to it, but quickly burns itself out. 


VENTILATION CONDITIONS OF 15 METAL MINES AS INDICATED 
BY ANALYSES OF AIR SAMPLES. 


In Table 9 following are shown data regarding samples of air col- 
lected in 15 metal mines. Most of the samples were collected by 
_H.M. Wolflin, mining engineer of the Bureau of Mines. Some were 
collected by Edwin Higgins, also a mining engineer of the Bureau. 
The samples were analyzed by the authors. The table and the 
comments following touch upon the ventilation in the different mines. 

Calculations to show the amount of black-damp present were 
made only for samples that were not affected by blasting operations 
in the mines. 


‘BLACK DAMP IN MINES. 
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76 BLACK DAMP IN ‘MINES. 
COMMENTS ON RESULTS OF ANALYSIS. 


Only one of the samples (laboratory No. 4609) of air from Mine 1 
contained a proportion of oxygen that was either low or excessive as 
compared with the oxygen content of ordinary air. All of the sam- 
ples were collected several hours after blasting operations. Hence 
the mine air was not vitiated in any appreciable degree at the time 
the samples were collected. All of the temperatures observed at the 
time of sampling were high—too high to allow men to do good work. 

Of the samples collected in Mine 2, four (laboratory Nos. 4036, 
4037, 4052, and 4056) contained excessive amounts of carbon diox- 
ide. These samples were all collected at the same place, a few 
minutes apart. The atmosphere contained powder smoke as the 
result of a previous blast, hence the atmosphere was vitiated by 
products of combustion from the blast. Wet-bulb temperatures 
were not noted in this mine. The dry-bulb temperatures were good 
except that observed at the time of taking the sample designated 
laboratory No. 4079. The wet-bulb temperature was not deter- 
mined in connection with the collection of this latter sample, but the 
sense of discomfort experienced by the sampler and the moist con- 
dition of the place of sampling indicated that the air was almost 
saturated with moisture. Sample 4079 was the only one, not con- 
taminated with products of combustion from a blast, that had a high 
percentage of carbon dioxide. The analyses of two of the samples 
collected in Mine 2 were recalculated to show the percentage of 
black damp present. 

Wet-bulb temperatures observed in Mine 3 exceeded 75° F. The 
chemical analyses disclosed no low oxygen or high carbon dioxide 
content. The composition of the black damp ranged from 5.2 to 12 
per cent carbon dioxide and from 88 to 94.8 per cent oxygen. 

The temperatures and the humidity readings observed in Mine 4 
were excessively high. The chemical analyses of the air disclosed 
no bad condition. Black damp contained 4.2 to 17.6 per cent carbon 
dioxide and 82.4 to 95.8 per cent oxygen. 

The temperatures were higher in Mine 5 than is compatible with 
the best working efficiency. The chemical analyses disclosed no 
high carbon dioxide or low oxygen percentages. The black damp 
contained 6.7 to 13.8 per cent carbon dioxide and 86.2 to 93.3 per 
cent nitrogen. 

Favorable temperatures were found in Mines 6, 7, 8, and 9. The 
chemical analyses of the air also showed good conditions. 

Temperatures in Mine 10 were not so good. | 

Most of the observed temperatures in Mine 11 were good. There 
was one noteworthy exception, that noted at the time of taking sam- 
ple 4438. The carbon dioxide content was also high in that sample. 


al a 


VENTILATION CONDITIONS OF METAL MINES. ra 


Considerable powder smoke was present at some places where sam- 
ples were collected, but no carbon monoxide that might have re- 
mained in the air after the shooting was found. 

Many of the temperatures observed in Mine 12 were low. Some 


~ exceeded 75° F., wet bulb. The carbon dioxide and oxygen contents 


in some of the samples were low, especially in samples 4463, 4464, 
and 4473. Just how much blasting operations affected these sam- 
ples is problematical. One sample (No. 4464), collected 11 hours 
after blasting, contained 1.22 per cent carbon dioxide and 18.34 per 
cent oxygen. In general the chemical analyses of the samples from 
Mine 12 disclosed higher carbon dioxide and lower oxygen contents 
than in the samples from any of the other mines. 

The temperatures in Mine 12 were favorable. 

The temperatures observed in Mines 14 and 15 were good. Only in 
Mine 12 were samples collected that contained excessively high per- 
centages of carbon dioxide or excessively low percentages of oxygen. 

In summing up conditions in these metal mines it can be said that, 


as regards the chemical analyses of the samples collected, the air, on 


the whole, was very good. Samples collected several hours after 
blasting, and when men were mucking out their places, did not con- 
tain carbon monoxide from the blasting operations. Changes in the 
air of metal mines due to oxidation are not as rapid as in coal mines, 
in spite of the fact that immense volumes of air sweep through coal 
mines as compared to metal mines, where the ventilation is natural 
or where air is supplied from compressed-air lines. 

‘The chief trouble lies in the high temperatures, both wet-bulb and 
dry-bulb; also, the stagnation of the air encountered in many places 
is so bad as to be detrimental to the health and to the efficiency of 
the workmen. 


OBSERVATIONS REGARDING BLACK DAMP IN CERTAIN METAL MINES. 


The average percentage of black damp in certain mines and the 
average composition of the black damp are shown in the following 
table: 


Average percentage and average composition of black damp in certain metal mines. 





Composition of black 
Average : damp. 
; per cent o 
Mine No. black 


damp. COs. No. 
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The average of all analyses in the above table is 2.67 per cent 
black damp with a composition corresponding to 9.3 per cent carbon 
dioxide and 90.7 per cent nitrogen. 

The average composition of black damp in metal mines is about the 
same as that found in coal mines. A difference in its occurrence in 
the two kinds of mines lies in the amount that can be produced in a 
given time. | 

If coal mines depended only on natural ventilation or on compressed 
air from pipes at working places, the amount of black damp produced 
would usually exceed far more than it does that produced in metal 
mines, for coal reacts with oxygen much more rapidly than do most 
of the rocks, wood, etc., found in metal mines. 


SUMMARY. 


The most satisfactory definition of the term ‘‘black damp” is an 
accumulation of carbon dioxide and nitrogen in excess of the per- 
centage found in pure atmospheric air. 

The principal factors that affect the changes in mine air are (1) t 
velocity with which the mine air traverses the mine passages; (2) 
the amount of coal with which it comes in contact; (3) the gaseous 
(methane) nature of the seam; (4) the nature of the coal as regards 
its power to react with oxygen; (5) the temperature and the wetness 
of the mine. 

Carbon dioxide must be present in large proportions before it 
threatens life. A proportion of 3 to 4 per cent of carbon dioxide in 
air affects the breathing of most people. Men may, however, work 
for a long time in such an atmosphere, although their efficiency as. 
workmen will be greatly affected and they will become fatigued 
quickly. The presence in air of as little as 1 or 2 per cent of carbon 
dioxide is not so much a matter of safety and comfort to those who 
breathe it as it is of their efficiency as workmen. 

Distress is caused in some people when the oxygen content falls 
to less than 13 per cent. Rapid breathing is produced much more 
quickly by an excess of carbon dioxide than by a corresponding 
deficiency of oxygen. The important point to remember is that 
rapid breathing caused by carbon dioxide starts long before there is 
any serious danger, whereas rapid breathing caused by a deficiency 
of oxygen is a grave symptom and points urgently to serious danger. ° 

By acclimatization people live the year round at high altitudes 
where the air has an oxygen content, by weight, that is the same as 
that.of an atmosphere at sea level containing 12 per cent oxygen by 
volume. People unaccustomed to such atmospheres, if suddenly 
plunged into them, experience severe distress. In an experiment 
conducted by the authors a man lost consciousness temporarily when 
the oxygen content of an atmosphere he breathed fell to 7 per cent. 
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Mice and canaries are about as resistive to low-oxygen atmos- 
pheres as men; hence they can not be used by exploring parties to 
give warning of atmospheres that are dangerously low in oxygen. 

An excess of oxygen or a diminution of oxygen such as often occurs 
in many mines, if present in buildings above ground where people 
congregate, would be indicative of extremely bad ventilation. How- 
ever, in mines haying such an excess or diminution the ventilation 
may be excellent. In most buildings above ground, the problem of 
good ventilation is not to correct a diminished content of oxygen or 
an increased content of carbon dioxide, but to maintain proper 
temperature and relative humidity, and to keep the air moving, 
although the presence of an excessive proportion of carbon dioxide, 
. more than 0.1 or 0.2 per cent, may be a reliable indication of air that 
will produce injurious effects on men. In these buildings the carbon 
dioxide comes chiefly from the air exhaled by the persons present, 
and, if fresh air is not admitted, invariably accompanies bad condi- 
tions such as stagnant and oppressive air, high temperature, and fre- 
quently high humidity. In coal mines the carbon dioxide is princi- 
pally from the action of the oxygen of the air on the coal, and 0.2 per 
cent, is frequently found in the cool, swiftly moving air of returns 


_ where 50,000 or more cubic feet of air is passing per minute. Hence, 


__a proportion that accompanies good conditions of ventilation in a 
coal mine may indicate extremely poor conditions of ventilation in 
the room of a house. 

A similar statement applies to oxygen. The oxygen content is 
scarcely ever normal in a coal mine, owing to the gas being absorbed 
_ by the coal; in fact, a diminution of 1 per cent is not uncommon. 
- Such a diminution in a building filled with people would be accom- 
panied by intolerable conditions of ventilation. However, even in 
coal mines the oxygen content of the air should not be allowed to 
become too low, and the authors believe that it should not fall below 
19 per cent. That this limit can easily be maintained in coal mines 
is indicated by many mine-air analyses made by the authors. The 
- maximum percentage of carbon dioxide allowed in English coal mines 
is 1.25 per cent. 

The principal cause of the depletion of oxygen in coal-mine air and 
the increase of carbon dioxide is the reaction between the oxygen of 
the air and coal. Some of the oxygen is actually held dissolved in the 
coal substance. Part of the oxygen is converted into water, part 
into carbon dioxide, and part (by far the larger part) is retained as 
combined oxygen to give compounds richer in oxygen than the coal 
itself. Part of the carbon dioxide is retained by the coal. 

Explosive proportions of methane in air become nonexplosive when 
the proportion of oxygen in the atmosphere falls below about 14 per 
cent. Carbon dioxide has only a slightly greater effect in reducing 
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the explosibility of methane-air mixtures than nitrogen has; for 


ae 


instance, when the oxygen is kept constant at 20 per cent, part of the © 


nitrogen must be replaced by 10 per cent of carbon dioxide to raise 
the low limit for methane from 5.8 to 6.2 per cent. 

The specific gravity of black damp varies considerably in certain 
mixtures. When methane is present the combined gases may be 
lighter than air. Great caution should be observed when one detects 


an accumulation of black damp of lighter density than air, especially — 


in coal mines in which naked lights are used, as this lesser density is — 


probably due to the presence of methane. 


Except directly over a fire area or close to a mine fire, a large pro- 


portion of carbon dioxide (more than 3 to 5 per cent) is unusual in — 


the air of a coal mine. 


An oil-fed flame becomes extinguished when the oxygen in air falls © 


to about 17 per cent; an acetylene flame is extinguished when the 
oxygen falls to about 12 or 13 per cent. 
Lack of oxygen is the important factor in extinguishing lights. 


In some experiments conducted by the authors, the oxygen content — 
fell to 16.3 per cent before the flame became extinguished, but the © 


presence of 10 per cent of carbon dioxide raised the extinguishing 
percentage of oxygen to 17.3. | 

Atmospheres that do not contain enough oxygen to support an oil- 
fed flame (about 17 per cent) may be explosive when the oxygen 
content is as low as 14 per cent, if enough methane is present. 

When a burning part of a mine has been successfully sealed the 
composition of the atmosphere within changes. The oxygen decreases 
to a proportion (probably about 17 per cent) that will not support 
flame; ultimately the oxygen content becomes so small that the rate 
of combustion is extremely low, so low that combustion entirely 
ceases, the embers cool, and the admission of air when the mine is 
reopened does not rekindle them. 

In 111 samples of gas from 29 mines represented, the average per- 
centage of carbon dioxide in the black damp was 11.5 per cent, and 
the average percentage of nitrogen 89.5 per cent. 

In 6 mines of 22 examined the temperature was higher than it 
should be (75° F., wet bulb) under the best ventilating conditions. 

Analyses of a large number of samples, show how mine air changes 
as it traverses the workings. The average composition of the black 
damp was 9.2 per cent carbon dioxide and 90.8 per cent nitrogen. 
Except for two or three samples, in which carbon dioxide was high 
and the oxygen low, the quality of the air was good. 


As regards the unfavorable effect of black damp on men, on lights, 


and on the explosibility of methane-air mixtures, the diminution of 
oxygen in the atmosphere, resulting in the formation of more nitrogen, 
is mainly responsible. The presence of carbon dioxide is far less 


SUMMARY. Sl 


important; hence the objection to making the terms ‘“‘black damp” 
and ‘‘carbon dioxide” synonymous. 

Many of the mines of the Cripple Creek region are menaced with 
gas that is loosely held in the rock strata and that issues at times into 
the mines, so that workmen can not enter certain drifts and occasion- 
ally a whole mine. 

This gas, according to Lingren and Ransome, is of deep-seated 
origin and probably represents the last exhalations of the extinct 
Cripple Creek volcano. It contains about 14 per cent carbon dioxide: 
and 86 per cent nitrogen. The gas is confined in the rock strata 


under very low pressure, so that changes in outside atmospheric 
_ pressures affect its outflow. 


A limited number of observations made by the authors indicate 


that the direction of the wind influences the outflow of the gas. 


Data regarding ventilation conditions in 15 metal mines other than 


- the Cripple Creek mines are shown. ‘The average percentage of black 


damp found in these mines was 2.67 per cent. ‘The average composi- 
tion of the black damp. was 9.3 per cent carbon dioxide and 90.7 per 


cent nitrogen, or about the same as that found in coal mines. In 
general, the composition of the air in these metal mines, as shown 


by the carbon dioxide and oxygen content, were good. Difficulty is 
experienced, however, in keeping down the wet and the dry bulb 
temperature. In many cases the temperatures were so high as to be 
detrimental to health. 

17151°—16——6 


PUBLICATIONS ON MINE ACCIDENTS AND METHODS OF COAL 
MINING. 


Limited editions of the following Bureau of Mines publications are — 
temporarily available for free distribution. Requests for all publica- 
tions can not be granted, and applicants should select only those — 
publications that are of especial interest to them. All requests for 
publications should be addressed to the Director, Bureau of Mines, — 
Washington, D. C. 


BuuuetiIn 17. A primer on explosives for coal miners, by C. E. Munroeand Clarence 
Hall. 61 pp., 10 pls., 12 figs. Reprint of United States Geological Survey Bulletin 
423. 

BULLETIN 20. The explosibility of coal dust, by G.S. Rice, with chapters by J.C.W. 
Frazer, Axel Larsen, Frank Haas, and Carl Scholz. 204 pp., 14 pls., 28 figs. 

BuLtueTiIn 42. The sampling and examination of mine gases and natural gas, by 
G. A. Burrell and F. M. Seibert. 1913. 116 pp., 2 pls., 23 figs. 

BuLuetin 45. Sand available for filling mine workings in the Northern Anthracite 
Coal Basin of Pennsylvania, by N. H. Darton. 1913. 33 pp., 8 pls., 5 figs. 

BULLETIN 46. An investigation of explosion-proof mine motors, by H. H. Clark. 
1912. 44 pp., 6 pls., 14 figs. 

Bu.tueTin 48. The selection of explosives used in engineering and mining opera- 
tions, by Clarence Hall and 8. P. Howell. 1913. 50 pp., 3 pls., 7 figs. 

Buutuetin 50. A laboratory study of the inflammability of coal dust, by J. C. W. 
Frazer, E. J. Hoffman, and L. A. Scholl, jr. 1913. 60 pp., 95 figs. 

Butietin 52. Ignition of mine gases by the filaments of incandescent electric lamps, 
by H. H. Clark and L. C. Ilsley. 1918. 31 pp., 6 pls., 2 figs. 

BuLietin 56. First series of coal-dust explosion tests in the experimental mine, 
by G. 8. Rice, L. M. Jones, J. K. Clement, and W. L. Egy. 1913. 115 pp., 12 pls., 
28 figs. 

Butietin 60. Hydraulic mine filling; its use in the Pennsylvania anthracite fields; 
a preliminary report, by Charles Enzian. 1918. 77 pp., 3 pls., 12 figs. 

BULLETIN 62. National mine-rescue and first-aid conference, Pittsburgh, Pa. Ses 
tember 23-26, 1912, by H. M. Wilson. 1913. 74 pp. 

Buiietin 68. Electric switches for use in gaseous mines, by H. H. Clark and R. W. 
Crocker. 1913. 40 pp., 6 pls. 

BULLETIN 69. Coal-mine accidents in the United States and ree countries, com- 
piled by F. W. Horton. 1913. 102 pp., 3 pls., 40 figs. 

BuLLETIN 99. Mine-ventilation stoppings, with especial reference to coal mines in 
Illinois, by R. Y. Williams. 1915. 30pp., 4 pls., 4 figs. 

TECHNICAL Paper 6. The rate of burning of fuse as influenced by temperature and © 
pressure, by W. O. Snelling and W. ©. Cope. 1912. 28 PP. 

TECHNICAL PAPER 7. Investigations of fuse and miners’ squibs, by Clarowe Hall 
and 8. P. Howell. 1912. 19 pp. 

TECHNICAL PAPER 11. The use of mice and birds for detecting carbon monoxide 
after mine fires and explosions, by G. A. Burrell. 1912. 15 pp. 

TECHNICAL PAPER 13. Gas analysis as an aid in fighting mine fires, by G. A. Bur- 
relland F. M. Seibert. 1912. 16 pp., 1 fig. 
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TECHNICAL PAPER 14, Apparatus for gas-analysis laboratories at coal mines, by 
G. A. Burrell and F. M. Seibert. 1913. 24 pp., 7 figs. 
TECHNICAL PaPeR 17. The effect of stemming on the efficiency of explosives, by 


W. O. Snelling and Clarence Hall. 1912. 20 pp., 11 figs. 


TECHNICAL PAPER 18. Magazines and thaw houses for explosives, by Clarence Hall 
and S. P. Howell. 1912. 34 pp., 1 pl., 5 figs. 

TECHNICAL PaPER 19. The factor of safety in mine electrical installations, by 
H.H. Clark. 1912. 14 pp. 

TECHNICAL PAPER 21. The prevention of mine explosions, report and recommenda- 
tions, by Victor Watteyne, Carl Meissner, and Arthur Desborough. 12 pp. Reprint 
of United States Geological Survey Bulletin 369. 

TECHNICAL PAPER 22. Electrical symbols for mine maps, by H. H. Clark. 1912. 
11 pp., 8 figs. 

TECHNICAL PAPER 28. Ignition of mine gas by standard incandescent lamps, by 
Bett Clark) 1912. °6 pp. 

TECHNICAL PAPER 29. Training with mine-rescue breathing apparatus, by J. W. 
Paul. 1912. 16 pp. 

TECHNICAL Parer 39. The inflammable gases in mine air, by G. A. Burrell and 
F. M. Seibert. 1913. 24 pp., 2 figs. 

TECHNICAL PAPER 43. The effect of inert gases on inflammable gaseous mixtures. 


4 by J. K. Clement. 1913. 24 pp.,1pl., 8 figs. 


TecunicaL Paper 44. Safety electric switches for mines, by H. H. Clark. 1913. 


8 pp. 
TECHNICAL PAPER 47. Portable electric mine lamps, by H. H. Clark. 1913. 


13 pp. 


TECHNICAL PAPER 48. Coal-mine accidents in the United States, 1896-1912, with 
monthly statistics for 1912, compiled by F. W. Horton. 1913. 74 pp., 10 figs. 

TECHNICAL PAPER 58. The action of acid mine water on the insulation of electric 
conductors; a preliminary report, by H. H. Clark and L. C. Ilsley. 1913. 26 pp., 
1 fig. 

TECHNICAL PAPER 75. Permissible electric lamps for miners, by H. H. Clark. 
1914. 21 pp., 3 figs. 

TECHNICAL PAPER 76. Notes on the sampling and analysis of coal, by A. ©. Field- 
ner. 1914. 59 pp., 6 figs. 

TECHNICAL PAPER 77. Report of the Committee on Resuscitation from Mine Gases, 
by W. B. Cannon, George W. Crile, Joseph Erlanger, Yandell Henderson, and 8. T. 
Meltzer. 1914. 36 pp., 4 figs. 

TECHNICAL Paper 84. Methods of preventing and limiting explosionsin coal mines, 
by G.S. Rice and L.M. Jones. 1915. 45 pp., 14 pls., 3 figs. 

TECHNICAL PareR 100. Permissible explosives tested prior to March 1, 1915, by 
S. P. Howell. 1915. 15 pp. 

TECHNICAL Paper 108. Shot firing in coal mines by electricity controlled from 
the outside, by H. H. Clark, N. V. Breth, and ©. M. Means. 1915. 36 pp. 

Miners’ Crrcutar 5. Electrical accidents in mines, their causes and prevention, 
by H. H. Clark, W. D. Roberts, L. C. Ilsley, and H. F. Randolph. 1911. 10 pp., 
3 pls. 

Mrners’ CrrcuLtar 7. Use and misuse of explosives in coal mining, by J. J. Rut- 
ledge. 1914. 51 pp., 8 figs. 

Miners’ Crrcuuar 8. First-aid instructions for miners, by M. W. Glasgow, W. A. 
Raudenbush, and ©. O. Roberts. 1913. 67 pp., 51 figs. 

Miners’ Crrcutar 11. Accidents from mine cars and locomotives, by L. M. Jones. 
a912. 16 pp. 
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Miners’ CrrcuLaR 12. Use and care of miners’ safety lamps, by J. W. Paul. 1913. 
16 pp., 4 figs. 

MINERS’ CIRCULAR 14. Gases found in coal mines, by G. A. Burrell and F. M. 
Seibert. 1914. 23 pp. 

MINERS’ CrrcuLAR 15, Rules for mine-rescue and first-aid field contests, by J. W. 
Paul) 1913:'912 pp; 

MinERS’ CrrcuLaR 16. Hints on coal-mine ventilation, by J. J. Rutledge. 1914. 
22 pp. 

Miners’ CircuLtar 21. What a miner can do to prevent explosions of gas and coal 
dust, by G. 8. Rice. 1915. 24 pp. 
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PREFACE. 


In 1914 an agreement was entered into, between the United States 
Geological Survey, the United States Bureau of Standards, and the 


- Bureau of Mines, for a cooperative study of the building-stone 
industry of the country. In general, this agreement provided that the 


Geological Survey should study the data, compare the classification, 


extent, and geology of undeveloped and quarried deposits of stone 


and collect statistical information on production and value of output; 
that the Bureau of Standards should undertake all the physical and 
chemical tests required for determining the value of stone for struc- 


tural purposes, or as aggregate for concrete, and that the Bureau of 


Mines should investigate all mining and technologic data, with special 
reference to safety, efficiency of operation, and prevention of waste. 
The general object of the cooperative agreement was to obtain 


comprehensive data on the occurrence, quality, and methods of 


preparation for the market of the various building stones of the 


United States. By agreement the work was begun with an investi- 


gation of the marble-quarrying industry. 7 
The Bureau of Mines was fortunate in procuring for its share of the 


work the services of Mr. Oliver Bowles who had had experience 


in examining and describing quarries in Minnesota. 

During 1914 Mr. Bowles personally visited 64 active marble 
quarries. Through the cooperation of quarry owners numerous 
representative samples of the marbles of the United States were 
obtained and shipped to the Bureau of Standards for testing. The 
results of these tests will appear in due time. The description of the 
Investigations of quarry methods and the general technology of 


_ marble are published herewith. 


The aim of this bulletin is to present to the marble workers of the 
United States a concise statement of the most efficient and economical 
methods now in use for producing and preparing marble. Progres- 


sive quarrymen realize the value of observing the methods employed 
_ by others in similar work, and it is hoped that the summary here 


presented will prove of use in their operations and will save them the 
inconvenience and expense of extensive travel to obtain such infor- 
mation for themselves.. 
The observations outlined refer chiefly to the methods employed 
in the quarrying of marble and the conditions that affect successful 
: 3 
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operation; the structure of marble and its relation to quarry proces- 
ses; waste through rock imperfections and inefficient quarry methods; 
and means of eliminating such waste or utilizing it if elimination is 
impossible. No attempt has been made to describe in detail all 
apparatus and equipment used in quarry operations, but special 
apparatus and any improvements or special designs tending toward 
increased efficiency are dealt with particularly. 

Mr. Bowles has pointed out especially the great need of bettall 
systems of cost keeping as a means of keeping check on all unnecessary 
expense and as a means of testing the efficiency of methods and- 
machines used in quarry operations. The importance of this feature 
can not be unduly magnified. 

There is also pointed out a method for relieving earth pressure in 
certain quarries particularly subject to natural strains. This method 
promises to eliminate many of the fractures that constitute a prolific 
source of waste in quarry operations. 

Operators of structural limestone quarries will find that many of 
their problems are discussed in this bulletin, as the methods and 
machinery they employ are similar to those used in quarrying marble. 
A more extended investigation of the particular problems of structural 
limestone and all other phases of limestone quarrying is contemplated. 

Acknowledgment is made of many helpful suggestions received 
during the preparation of this bulletin. Too much emphasis can not 
be placed upon the valuable assistance rendered by Maj. J. S. Sewell, 
general manager of the Alabama Marble Co. His technical training, 
combined with practical experience, fitted him peculiarly for supply- 
ing just such information as the bureau desired and this information 
he imparted freely. 

Others to whom acknowledgment is due are George R. Taylor, 
Marble, Colo.; J. P. McCluskey, Gantts Quarry, Ala.; A. W. Edson, 
Proctor, Vt.; John Kern and B. L. Pease, Knoxville, Tenn.; Prof. 
C. H. Gordon, University of Tennessee; Prof. F. J. Alway, University 
Farm, St. Paul, Mian. 

The bureau desires to express its appreciation of the cordial treat- 
ment extended by quarrymen to its representative and the spirit of 
cooperation almost universally in evidence. 


CHARLES L. Parsons, 
Chief, Dwision of Mineral, Technology. 


THE TECHNOLOGY OF MARBLE QUARRYING. 


By Ottver Bow tes. 


MARBLE IN GENERAL. 
DEFINITION OF MARBLE. 


In its geologic sense the term marble is applied to rocks consisting 
of crystallized grains of calcite or dolomite or a mixture of the two. 
_ Although limestone has the same chemical composition as marble it 
_ differs in that the component particles of calctum or magnesium car- 
bonates are granular and noncrystalline. In marble the crystals 
may be intimately intergrown, whereas limestone is an aggregation 
of unrelated particles cemented together into a solid mass. 

In its commercial sense the term marble has a much wider applica- 
tion. As susceptibility to polish is one of its chief commercial assets, 
all calcareous rocks capable of polish are classed as marbles. Lime- 
stones that show little crystalline structure may, if they take a good 
polish, be classed as marbles. Furthermore, serpentine rocks, even 
if they contain little calctum or magnesium carbonate, are classed as 
marbles, as they are commercial substitutes of true marbles. 


COMPOSITION OF MARBLE. 


Aside from serpentine and other extraordinary varieties, marble is 
made up almost entirely of calcium or magnesium carbonates. A 
calcite marble may consist of 96 to 99 per cent calcium carbonate. 
A dolomite marble, if impurities are disregarded, contains approxi- 
mately 54 per cent calcium carbonate and 46 per cent magnesium 
carbonate. Marbles consisting of mixtures of calcite and dolomite 
may have compositions anywhere between these two extremes. The 
extremes may be illustrated by examples mentioned by Dale.* Mar- 
ble quarried near Proctor, Vt., contained 98.37 per cent calcium 
carbonate, and a dolomite marble from Lee, Mass., contained 54.05 
per cent calcium carbonate and 45.93 per cent magnesium carbonate. 
An intermediate type is represented by the crystalline magnesium 
limestone of Tuckahoe, N. Y., which contained 70.1 per cent calcium 
carbonate and 25.40 per cent magnesium carbonate. | 


a Dale, T. N., The commercial marbles of western Vermont; U.S. Geol. Survey Bull. 521, 1912, p. 13. 
b Kemp, J. F., A handbook of rocks, 1906, p. 138. 
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6 TECHNOLOGY OF MARBLE QUARRYING. 


A varying percentage of chemical impurities is present in prac- 
tically all marbles. The more common of these are silica (Si0,), 
iron oxides (FeO and F,0,), manganese oxide (MnO), alumina (A1,Q,), 
and sulphur; less common are minute quantities of the oxides of 
titanium, potash, sodium, lithium, and phosphorus. Organic matter 
is commonly present. 

The impurities of marble are present in the form of grains of 
definite minerals. In some specimens the individual grains may be 
too minute to be recognizable with the naked eye, and in others they 
may attain considerable size. The more common mineral impurities 
are quartz (or some other form of silica, such as chert or flint), hema- 
tite, limonite, graphite, mica, chlorite, tremolite, wollastonite, diop- 
side, hornblende, tourmaline, pyrite, or marcasite. In the marbles 
of southern Ontario, Parks * notes the occurrence of 37 minerals 
that have been formed by metamorphic processes acting on the 
impurities of the original limestone. The more common are quartz 
or some other form of silicon dioxide, pyrite, marcasite, mica, or 
chlorite. 

Most marbles of commercial value contain small percentages of 
impurities. 

ORIGIN OF MARBLE. 
FORMATION OF THE ORIGINAL LIMESTONE. 


Marble is derived from beds of limestone. The latter are formed in 
the sea, mainly as accumulations of calcareous remains of marine ~ 
organisms, such as corals, rhizopods, and alge. Water containing 
carbon dioxide is capable of dissolving calcium carbonate from the 
rocks through or over which it flows, and in consequence the water 
of rivers is charged with lime carbonate as it enters the ocean. — 
Thus a supply of dissolved calcium carbonate is always at hand 
from which the organisms may manufacture their shells. Countless — 
generations live and die and as a consequence the calcareous accu- 
mulation may be of vast extent. In places, the chemical precipita- 
tion of calcium carbonate may add to this accumulation. | 

There is abundant evidence that many limestones are of organic 
origin, as some of them are merely aggregates of fairly well preserved 
shells. In most specimens, however, a few fragmentary shells only 
remain in recognizable form, all others, through the beating of the 
waves or other activities, having been broken into minute fragments. — 

By pressure of superincumbent material and by deposition of 
some form of cement in the intergranular spaces the mass is. later 
consolidated as a firm and coherent rock which is termed “limestone.” 
Beds hundreds and even thousands of feet in thickness have been 
formed by such processes. 





a Parks, W. A., Report on the building and ornamental stones of Canada, vol. 1, 1912, p. 307. 
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METAMORPHISM OF LIMESTONE. 


Marble is regarded as being the product of the metamorphism of 
limestone beds. That granular noncrystalline limestone can be 
changed into crystalline limestone or marble has been proven in 
the laboratory, as shown by Clarke.* From the results of various 
experiments he concludes that pressure alone, heat alone, or both 
together may result in the recrystallization. It is probable that 
the presence of water assists the process. Marble may therefore 
result from great pressure exerted on the strata by folding, or by 
heat produced from an igneous intrusion, or both agencies may 
work in conjunction. Recrystallization as a result of igneous 


intrusion has been observed by several authors.? 


ORIGIN OF ONYX MARBLES. 


Onyx marbles have a history rather distinct from that of the 
true marbles. Although consisting essentially of calcium carbonate, 
they are purely chemical deposits and have not resulted from the 
metamorphism of preexisting limestone beds. As pointed out by 
Merrill, who gives a lengthy discussion of their origin and occur- 
rence, they are of two types. One is a product of precipitation 
from hot springs, a travertine; the other is a deposit from cold- 
water solutions in limestone caves. Most deposits of onyx are formed 
in successive layers. Impurities such as iron and manganese oxides 
may be present in varying amounts in successive layers, and thus a 
beautiful banding may result. From the nature of their formation 
onyx deposits are necessarily limited in extent as compared with 
deposits of true marbles. 


ORIGIN OF VERD ANTIQUE. 


Verd antique or serpentine marble is in no respect comparable 
with true marble either in composition or in origin. Serpentine is in 
general derived from the alteration of basic igneous rocks such as 


the peridotites, which are rich in olivine and pyroxenes, or from 


Magnesium silicate rocks formed by the metamorphism of lime- 
stone. The process is accompanied by hydration, with an addition 
of 13 to 14 per cent of water. The movement occasioned by the 
swelling that results probably accounts for most of the unsoundness 
common to verd antique. 








aClarke, F. W., The data of geochemistry: U. 8. Geol. Survey Bull. 491, 1911, pp. 531-532. 

6 Renwick, W. G., Marble and marble working, 1909, p. 4; Conybeare, W., Descriptive notes on the north- 
east coast of Ireland. Trans. Geol. Soc. London, vol. 3, 1816, p. 210. 

¢ Merrill, G. P., Stones for building and decoration, 1903, pp. 242-296. 
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PHYSICAL PROPERTIES OF MARBLE. 


HARDNESS. 


Hardness may be defined as the resistance that the surface of a 
substance offers to abrasion. The hardness of calcite is given as 3 
in Moh’s scale, and that of dolomite as 3.5 to 4, whereas that of glass 
is about 5. The hardness of a marble as a whole may be different 
from that of the individual grains that compose it. The hardness 
is influenced by the degree of cohesion between the grains. Most 
fine-grained, compact marbles are harder than coarse-grained varie- 
ties. Some marbles are remarkably hard even if no silica or other 
excessively hard impurities are present. Hardness of the mass as a 
whole is an indication of ‘workability,’ and is an important prop- 
erty, as the cost of quarrying marbles that are worked slowly by 
tools is much higher than the cost of quarrying those easily worked. 
Although the cost of quarrying hard marble may be high, the hard-_ 
ness is a valuable property if the material is to be exposed to abrasion. 

High resistance to abrasion is desirable in marbles that are to be 
used for sills, steps, or floor tile, all of which are exposed to the fric- 
tion of the feet of pedestrians. Marble employed for such uses 
should be hard, and uniformity in hardness is desirable; otherwise 
the surface will soon become uneven. In constructing floor patterns 
of different marbles, it is important that the several varieties should 
be equally resistant to abrasion, as otherwise the floor will eventually 
become uneven. ‘This condition may be observed in the floor of the 
Union Station at Washington, D. C., where the white tiles of 
Vermont marble, after eight years’ use, are in places worn down nearly 
half an inch lower than the small squares of harder material from 
Swanton, Vt. 

A second agent of abrasion is wind. Wind polish of a pronounced 
character has been observed on rocks much: harder than marble. 
The Sioux quartzite of southwestern Minnesota, a rock that is prob- 
ably harder than any other in the United States used for building 
purposes, has been so wind worn that corners have been rounded 
and the exposed surfaces have been given a glassy polish. Dust and 
sand carried by the wind on city streets tend slowly to wear away 
surfaces, mainly by removing insecure grains and thus exposing 
fresh surfaces to the agencies of weathering. The effects are most 
pronounced on corners and in narrow spaces between buildings 
where the force of the wind is concentrated. Egleston @ states that 
in New York City many tombstones that face the prevailing winds 
are so worn that inscriptions are almost illegible. 





a Egleston, J., The cause and prevention of decay in building stones: Am. Architect, vol. 18, September 5, 
1885, p. 113. 
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SPECIFIC GRAVITY AND WEIGHT PER CUBIC FOOT. 


The specific gravity of a substance is its weight compared with the 
weight of an equal volume of water. The specific gravity of calcite 
is 2.7 and that of dolomite about 2.9. Consequently, dolomite 
marbles are heavier than calcite marbles. It is found that the actual 
weight per cubic foot of a block of marble differs more or less from 
its theoretical weight calculated from the specific gravity of the con- 
stituent minerals. A porous rock of given volume will be lighter than 
an equal volume of similar material that is nonporous. In most 
marbles the pore space is small, and the actual weight does not differ 
greatly from that calculated from the specific gravity. 

The specific gravity of a compact homogeneous substance hay- 
ing no pore space may be determined in a simple manner, as follows: 
_A thoroughly dried specimen is suspended from a balance by a thread 
and weighed in the air. It is then weighed while immersed in water. 
On account of the buoying up of the water it will weigh less while 
immersed. The loss in weight when immersed is the weight of a 
quantity of water equal in volume to thé substance immersed. The 
specific gravity is, therefore, the weight of the substance in air 
divided by its loss in weight when immersed in water, as expresed 

A 
by the formula AB 
substance in air, and B represents the weight of the substance when 
immersed in water. 

An accurate determination of the specific gravity of a marble is, 
however, a less simple matter, on account of the pore space involved. 
‘In order to determine specific gravity accurately the pore space 

must be eliminated. This may be accomplished by the following 
procedure: Dry the rock specimen at 110° C. until all the moisture 
has been driven from the pores; then determine the dry weight. Next 
completely fill the pores with water, as by soaking the blocks in water 
for several weeks. Buckley,“ accomplished the desired result by 
boiling the specimens for 36 hours under the receiver of an air pump 
that reduced the pressure to one-twelfth of an atmosphere. By such 
means the removal of air from all the pores may be facilitated. With 
the pores thus filled with water, weigh the specimen when immersed 
in water and determine the specific gravity as described above. 

A more accurate method if care is exercised is to eliminate the 
pores by grinding the rock to a fine powder, and to determine the 
specific gravity of the powder. This may be done by means of a 
specific gravity bottle, with an accurately ground stopper that 
projects upward as a hollow tube of small diameter. The bottle is 





in which A represents the weight of the 





2 Buckley, E. R., Building and ornamental stones of Wisconsin: Wisconsin Geol. and Nat. Hist. Survey 
Bull. 4, 1898, pp. 65-67. 
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dried carefully and weighed. It is then filled with distilled water 
exactly to the top of the capillary tube and weighed again. Ordi- 
narily the next step is to thoroughly dry the bottle, place within it 
a part of the finely powdered rock, and weigh. The difference 
between this weight and that of the empty bottle is the weight of 
rock taken. The rock powder is retained in the bottle, which is then 
filled with water and weighed again. 

Certain mechanical difficulties make desirable a modification of 
the last two steps. Considerable time is required to thoroughly dry 
the narrow-necked bottle. After the dry mineral has been weighed 
and the bottle filled with water, it is difficult to prevent small particles 
from floating to the surface and flowing away with the superfluous 
water when the stopper is inserted. This small error may be avoided 
by reversing the last two steps. When the bottle full of water is 
weighed, the bulk of the water may be thrown out, the rock powder 
poured in, and enough water added to completely immerse it. After 
all bubbles have been removed the.bottle may be filled with water to — 
the top of the capillary tube as before and weighed. The loss of any 
fine particles during the process of filling and inserting the stopper 
does not affect the result, as the weighing is done subsequently. 
After the weighing has been completed, if the powder is thoroughly 
settled, and the water above it clear, most of the water may be care- 
fully drawn off with a pipette. The remainder may be evaporated 
in a hot air bath, and the drying continued until the weight is constant. 
Thus the weight of the bottle containing the dry rock powder is the 
last figure obtained. 


EXAMPLE. 


IfX = weight of dry bottle 
Y =weight of bottle full of water 
Z =weight of bottle containing powdered rock and filled with water 
and A =weight of dry bottle and powdered rock 
then A—X=the weight of the rock employed=W. 


The sum of W and Y gives the total weight of rock, bottle, and water when none 
of the water is displaced. When the mineral is placed in the bottle and its volume 
of water is displaced the weight Z results. Therefore the weight of water displaced 


by the rock is Y+W-—Z=M. The specific gravity is therefore we 


Marbles range in actual weight from 165 to 180 pounds per cubic 
foot. The economic significance of weight is chiefly in connection 
with the necessary strength of equipment for handling and freight 
charges for transportation. By knowing the average weight per 
cubic foot the quarryman may measure a block and calculate its 
weight with reasonable accuracy. He is thus enabled to judge the 
risk involved in handling it with any given equipment. Marble is a 
heavy structural material, and the necessary transportation charges 
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~ must be carefully considered when bidding on contracts at a distance 
- from the point of production. 


SOLUBILITY. 


Calcium and magnesium carbonates are practically insoluble in 

pure water. Certain dissolved gases, notably carbonic acid gas, 
which are present in surface water in small proportions, render the 
water capable of dissolving the carbonates to a limited degree. 
Marbles exposed to the weather are therefore slowly dissolved. 
Although the process is slow, its effects may be considerable when 
long periods of time are involved. That marbles are more soluble 
than rocks consisting of silicate minerals is demonstrated in nature. 
Most marble deposits in humid regions are found in valleys formed 
by the more rapid erosion of the marble belts than of the bordering 
‘siliceous rocks. 
The rate of solution is variable in different marbles. It depends 
on the chemical composition, texture, and porosity of the marble, 
the climate of the region, and the nature of the atmosphere. Near 
large cities various acids from smoke abound in the air and are 
taken up by rain water, thus increasing its power of solution. If a 
rock is permeable it dissolves more rapidly than if impervious. 
Calcite dissolves more rapidly than dolomite under the same given 
conditions if the texture of each is similar, but the tendency for 
dolomite to occur with granular texture usually reverses the order 
of their solubility. The solubility of marble deserves careful con- 
sideration if its use for exterior purposes is contemplated. 


COLOR. 


The color of a marble is one of its most important physical prop- 
erties. It is governed by the nature of the constituents. Marbles 
consisting of pure calcite or dolomite are white because these minerals 
are white. A serpentine marble is green because the prevailing 
mineral, serpentine, is green. Variations from the white color of a 
pure marble are due to admixtures of foreign substances. Such 
impurities may be uniformly distributed and thus give a uniform 
coloration, or they may be present in bands or streaks, giving clouded 
or otherwise nonuniform colors. Examples of nonuniform color 
distribution are the “Pocahontas” marble of Alabama, the: varie- 
gated marbles of Vermont, and the ‘crow foot’ structure, irregular 
dark lines, characteristic of the Tennessee deposits. 

The causes of some colors in marbles are easily determined. The 
black and grayish shades are to be attributed to carbon, which is 
usually present as fine scales of graphite though amorphous in the 
“crow foot” of Tennessee marble. Red, pink, or reddish-brown 
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shades are due to the presence of manganese oxides (MnO) and — 
(Mn,O,) or to hematite (F,O,). Yellow-brown, yellow, or cream colors 
are caused by minute grains of the hydrous oxide of iron, limonite 
(2Fe,0,3H,O). Dale? attributes the green color of certain Vermont 
marbles to the presence of sericite (fibrous potash mica), and the 
purplish tint of one of the dolomites of the Lake Champlain region 
to a mixture of hematite and magnetite. Referring to some of the 
less common colors, Dale comments as follows: 

The more uncommon colors of marble are purplish, as in the Pavonazzo and 
Seravezza breccias imported from Italy, bright yellow, as in the ‘‘Giallo Antico” 
from North Africa, and orange yellow, as in some marbles from Norway. Among the 
uncommon combinations of colors is that of rose-pink and deep green in the ‘‘ Leifset 
Gloire” from Norway. 


The same author states ® that the dolomite of Hancock and Mount 
Tabor, Vt., owes its buff color to the presence of siderite. Vogt ° 
attributes the sky-blue, red, and orange tints of some Norwegian 
marbles to organic compounds. The ‘‘golden vein”’ of the Colorado- 
Yule marble is thought to be caused by the permeation of solutions 
bearing manganese or iron oxides. The green bands in certain parts 
of the same quarry are, according to Merrill,? caused by the presence 
of chrome-mica. Parks¢’ describes green marbles in Ontario in 
which the color is due to needles of light-green actinolite. The 
pink color of one marble he attributes to “‘scattered flakes of brown- 
ish glistening mica.” He states that brown colors are in many 
instances due to the presence of mica. He refers also’ to a marble 
having gray dots due in part to some crystals being clear and others 
milky, and in part to the presence of fine graphite. The clear 
crystals are dolomite, and the milky crystals calcite. Solution 
emphasizes the dotted effect. 

For certain purposes, it is desirable to have a distinct contrast 
between chiseled and polished surfaces. Such a contrast is especially 
desirable in headstones on which inscriptions are cut. The contrast 
is usually more pronounced in the colored, and less marked in the 
white marbles. A chiseled surface is opaque and somewhat granular, 
and reflects rather than absorbs the light. Hence it tends to appear 
white or light colored even if the stone is dark. When a face is ~ 
polished the reflecting surfaces are removed, permitting the light 








a Dale, T. N., The commercial marbles of western Vermont: U.S. Geol. Survey Bull. 521, 1912, p. 20. 

b Dale, T. N., The calcite marble and dolomite of eastern Vermont: U.S. Geol. Survey Bull. 589, 1915, 
p. 54. 

ec Vogt, J. H. L., Norsk marmor, Kristiania, 1897, p. 354. 

@ Merrill, G. P., A report on the Colorado-Yule marble properties, 1914, p. 10. 

e Parks, W. A., Report on the building and ornamental stones of Canada, vol. 1, 1912, pp. 323-324. 

f Parks, W. A., Op. cit., p. 329. 
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to enter the crystals and be absorbed, causing the polished surface 
to appear much darker than the chiseled surface. 


TRANSLUCENCE. 


Marbles differ greatly in their capacity for transmitting light. 
The more translucent varieties, if fine grained, are best adapted for 
novelties or other ornamental purposes. Some marbles are waxy 
in appearance, and this property seems to be related to translucence. 
Dale? gives the depths to which certain foreign marbles will admit 
light. They are as follows: Best Pentelicon, 0.59 inch; Parian, 1.37 
inches; Carrara statuary, 1.18 to 1.57 inches. The reputation of 
some marbles depends greatly upon this quality. As far as is known 
‘no figures have been obtained for the depth of light penetration into 
American marbles. Certain beds of Alabama marble are notably 
translucent. The same quality has been observed in marbles from 
Massachusetts, Vermont, and Colorado. Certain modes of artificial 
treatment are known to increase the translucence of marble. Usually 
the effects of such treatment are far less permanent than the material 
itself, and consequently are not to be recommended. 


TEXTURE. 


The grains of calcite and dolomite that make up a marble mass are 
crystalline and have a definite rhombohedral cleavage. They are 
mostly twinned. Both the cleavage and the twinning of each grain 
are independent as relating to other grains. The texture is usually 
about the same in all directions, though in some marbles an elonga- 
tion of grains in one direction has been noted. This characteristie 
is discussed more fully under the heading “Rift.” The degree of 
interlocking of grains, and other features of cohesion have a definite 
‘relation to crushing strength, porosity, and workability. In certain 
dolomitic marbles the grains of dolomite may differ greatly in size 
and shape from those of calcite. The difference in grain diameter 
between the larger and smaller grains in some marbles is rather 
marked, and in others is small. Uniformity of grain is desirable. 

The size of grain is commonly described as fine, medium, or coarse. 
Such terms are indefinite, and may have quite different meanings 
with different individuals, the interpretation being dependent upon 
the range of texture experienced by the observer. In order to place 
texture upon an absolute basis Dale® graded the marbles of Ver- 





@ Dale, T. N., The commercial marbles of western Vermont: U.S. Geol. Survey Bull. 521, 1912, p. 17. 
b Dale, T. N., Op. cit., p 54. 
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mont into six classes, based upon the average grain diameter. The 
classification is shown in the following table: 


Classification of Vermont marbles by grades of texture. 





Grain diameter, 


General averages. 











Grade. 
Maximum, Average. Nat 
: illime- 
pee Inches. 

Millimeters.| Miillimeters. 
Lextra fines etc et se oes. oso ea Se Soe eee, 0.2 0.05 to 0.10 0.06 0.0023 
2S VOLV Te ae woe ns tela ee eee, omc hoo AC eee ae OUkOs el O . 10 . 0039 

RESTING, eae ee See Oahu AOR eee Ae eee ee ies 210 tern e5 -12 - 0047 

A ITO TET rene et ee ee eeepc eater ee Caley | Lele ae, 1.0 x12 LOmeoL oo 0059 
HP COBTSC UN eae ney eet ahs Seek, Fe eR ee Th 5) -20to .60 . 24 -0094 
GOXtIA COARSOo2 aoe nee Roe re ie Lae Uae eve hue Cae 2. 54 . 30 to 1.35 . 50 - 0196 








The texture of marble is influenced by impurities such as graphite, 
sericite, tremolite, actinolite, and mica; and also by the folding or 
plication of the beds. The latter may cause elongation of grain or 
oranulation of certain parts of the mass. j 


RIFT OR GRAIN. 


The terms rift and grain are used synonymously for the direction of 
easiest splitting in marble. The rift is usually parallel with the bed- 
ding. It is probably due to elongation of grain caused by pressure. 
Dale*, whose microscopic study of marbles has been extensive, states 
that ‘‘in some marbles one or two axes of the grains are much longer 
than the others, and the longer axes of different grains are parallel, 
giving the rock a certain schistosity which is usually parallel to the 
bedding.”’ 

The rift may be emphasized by the presence of fibrous or platey 
minerals such as scales of mica or graphite or needles of actinolite. 
These usually occupy positions with their long axes parallel to the 
direction of grain elongation, and thus increase the tendency to 
split in that direction. 

Rift is a property of marble that the quarryman should take into 
account in planning operations. By taking advantage of this ease of 


splitting, drill holes for wedging may be spaced much farther apart. 


than if no rift exists. 
POROSITY. 


Porosity is the volume of pore space expressed as a percentage of 


the total volume of the rock mass. The pore space of marbles is’ 


usually much less than that of limestones and sandstones, and more 


a Dale, T. N., Op. cit., p. 18. 
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than that of granites, though exceptions toward both extremes are 





known. It varies from 0.0002 to 0.4 per cent. 
A method of determining pore space may be quoted from Parks,“ 
as follows: 


- The specific gravity is determined as already indicated and the test piece, full of 
water, is weighed. The difference between this weight and the dry weight of the 
sample gives the weight of the included water. If this latter figure be multiplied by 
the specific gravity of the stone, we obtain an expression which represents the weight 
of the stone which would be required to fill the pores. If this amount be now added 
to the weight of the dry sample, the result is the weight of that sample, provided that 
there were no porespaces. This weight divided into the weight of the stone required to 
fill the pores, and multiplied by 100, gives the percentage of pore space in the stone. 


The difficulty of filling all the pores by saturation has already been 


referred to in considering specific-gravity determinations. A method 


is here suggested by which this difficulty may be avoided. | 

Three factors are necessary in order to determine porosity. They 
are specific gravity, dry weight, and volume of the material em- 
ployed.~ The specific gravity may be determined by the pycnometer 
(specific-gravity bottle) method as already described. The volume 
and the dry weight may be determined from a smooth-faced cube of 
about 1-inch edge. Drying the cube at 110° C. until the weight is 
constant gives the dry weight. The specimen may then be coated 
with a thin film of paraffin, wax, or other waterproof substance to 
make it impervious, and its volume may be determined from water 
displacement in a large specific-gravity bottle. The film must be 
made as thin as possible, as its presence increases the volume of the 
block. If the quantity of waterproof substance used in coating the 
block is determined, a correction may be made by subtracting its 
volume from the total volume obtained. 

Another method is to saturate the block and then determine its 
volume by water displacement without any coating. If it is even 
approximately saturated, further absorption during the brief time 
occupied in determining its water displacement will be negligible. 

The method of calculating porosity is as follows: 

| If X = dry weight of block 

G = specific gravity of material composing block 
and V = volume of block 
Then V X G = weight of block if all the pores were filled with mar- 


ble = Y. 
Y — X = weight of marble required to fill pores = W 


‘Percentage of pore space = = x 100. 


Porosity is commonly expressed as ‘‘ratio of absorption,”’ which is 
the percentage by weight that the absorbed water bears to the dry 


a Parks, W. A., Report on the building and ornamental stones of Canada, vol. 1, 1912, p. 61. 
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weight of the stone. The specimen is dried in a hot-air bath at a 
temperature of about 110° C. until the weight is constant. The 
stone is then immersed in water for a period of time varying from 
two days to several weeks. The process of absorption may be assisted 
by boiling or by placing the immersed block beneath the receiver of 
an air pump as already described. The difference in weight between 
the dry and the saturated specimens is the weight of absorbed water. | 
The ratio of absorption of American marbles as determined by the 
Bureau of Standards varies from 0.0018 to 0.00007. 

Pore spaces in marbles permit infiltration of water, which may 
dissolve the stone, or may cause disintegration by freezing. The — 
evils associated with porosity are discussed more fully under the — 
heading “‘Tmperfections of Marble.” 


STRENGTH. 


The strength of a stone is the measure of its capacity to resist 
stresses of various kinds. It depends partly on the rift of the rock 
and on the cleavage and hardness of the grains, and partly on the 
state of aggregation, including degree of cohesion, interlocking of 
erains, and nature of cementing material, if such is present. Although 
strength alone is not a sure criterion of durability, a knowledge of 
the capability of any stone to withstand stresses of various kinds is 
of great value if the material is to be used for purposes involving extra- 
ordinary strains. 

Many tests have been made of the strength of building stones. It 
was early learned from these tests that most stones have many times 
the strength required for ordinary uses. As pointed out by Buck- 
ley,“ ordinary building stones have 2 to 10 times the crushing strength 
required in any structure for which they may be used. As a conse- 
quence of a recognition of this fact, there was a reaction against 
making tests, which were regarded as superfluous. An increased 
demand for strength in structural stone and a wider knowledge of the 
significance of strain resistance has lately led to a renewed interest 
in strength tests. It is known that stones are less durable when ex- 
posed to intense strains, and it seems reasonable to conclude that the 
rate of disintegration increases with proportional rapidity as the 
strain to which the rock is subjected approaches more and more 
nearly to the ultimate load it is capable of bearing. Rock strength 
may therefore have a decided influence on the rate of disintegration, — 
even when it is evident that the strength is far in excess of the 
requirements. 








« Buckley, E. R., Building and ornamental stones of Wisconsin: Wis. Geol. and Nat. Hist. Survey 
Bull. 4, 1898, p. 59. 
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The tests commonly made are for crushing strength, transverse 
strength, elasticity, andshearing. As tests can be made only with high- 
priced specially designed equipment, which is available to few people, a 
description of the methods of testing is omitted, and the discussion 
confined to a brief consideration of the significance of the various 
types of stress resistance of which rocks are capable. 


CRUSHING STRENGTH. 


As already stated, most rocks that, after ordinary superficial 
inspection, would be chosen for structural parposes have many times 
the crushing strength required for ordinary uses. For certain pur- 
poses, however, such as bridge piers, abutments, columns, and the 

base blocks of very high structures, crushing strength demands more 
than ordinary attention. The tendency, more noticeable every year, 
to increase the height and superincumbent weight of great city 
_ structures makes strength tests more and more useful. 

Rock structures have a definite influence on strength. As a rule 
rocks will bear a greater compressive stress across the bedding plane 
than parallel with the bedding plane. Hence stones should not be 
laid with the bedding planes vertical. 


TRANSVERSE STRENGTH. 


Transverse strength may be measured by testing the capability of a 
bar of stone supported at its ends to bear weight exerted at its center. 
Such tests indicate the suitability of a marble for door or window caps, 
or as bridging material that must bear a heavy load. Breakage of 
such caps, hovever, must not always be attributed to a weakness in the 
material employed, as unequal settling or improper laying may be the 
chief causes. 

| ELASTICITY. 


When subjected to crushing strain rocks are capable of being appre- 
ciably compressed before rupture takes place. A measure of this 
compressibility in terms of the load is what is known as the modulus 
of elasticity. Parks? defines it more explicitly as follows: ‘The 
decrease in length of a bar of material thus subjected to pressure 
divided into the original length of the bar, and multiplied by the load 
in pounds per square inch, gives what is known as Young’s modulus or 
the modulus of elasticity or compressibility.”’ Merrill ® found that 
after relief from intense pressure below the point of rupture rocks 
failed to completely recover their original form. ‘This he termed a 
permanent ‘‘set.”’ 


\. a Parks, W. A., Report on the building and ornamental stones of Canada, vol. 1, 1912, p. 47. 
\ b Merrill, G. P., Stones for building and decoration, 19138, p. 478. 
\ . 
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Compressibility may be the cause of cracks in the lower courses of 
certain large structures. It is evident that building stones having a 
low modulus of elasticity may under heavy superincumbent load be 
appreciably compressed with a resultant settlmg of the structure, 
and if one part of the building is composed of blocks having a different 
modulus of elasticity from those of an adjoining part, the settling 
will not be uniform. Such settling can take place only under ex- 
tremely heavy loads. A knowledge of the elasticity of marble is, 
as quoted by Buckley, ‘‘valuable in determining the effect of com- 
bining masonry and metal or of joining new masonry to old; in 
calculating the effect of loading a masonry arch; in proportioning 
abutments and piers of railroad bridges subject to shock, etc.” 


SHEARING. 


The tendency to shear—that is, the tendency of one part of a block 
to slide laterally with respect to another part—is strong in certain 
structures, such as massive arches and lintels. Certain blocks in ~ 
large buildings are subjected to strains in different directions, and the 
tendency to shear may be pronounced. Thus, shearing tests of 
marble designed for such purposes are of value. 


WEATHERING OF MARBLE. 


The term ‘“‘weathering”’ is applied to the disintegration that results 
from exposure of rock to the various natural agencies that are active 
at or near the surface of the earth. In previous paragraphs a dis- 
cussion is given of solubility, porosity, permeability, chemical com- 
position, hardness, texture, and state of aggregation of marble. 

The rate of decomposition by weathering is somewhat dependent 
on these physical features. For example, a soluble rock weathers more 
rapidly than one that is relatively insoluble, and an open-grained 
porous rock decomposes more readily than one that is more solid and 
impervious. Owing to this direct dependence of the rate of weather- 
ing on the physical properties of marbles, tests of the various qualities 
of a given stone are of great value in estimating its probable rate of 
weathering. 

Climatic and atmospheric conditions greatly influence the rate of 
weathering. Oxygen and carbon dioxide are the most effective 
atmospheric agents of decomposition. The rate of weathering de- 
pends also on temperature. Little or no weathering takes place — 
while the temperature is below 0° C. As the temperature rises, 
solution takes place with increasing speed and in tropical regions is 
active throughout the entire year. Rapid changes in temperature 





a Buckley,.E. R., Building and ornamental stones of Wisconsin: Wis. Geol. and Nat. Hist. Survey 
Bull. 4, 1898, pp. 63-64. 
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cause rapid disintegration, especially in regions where chemical 
action is supplemented by the effects of frost. 

Aside from the effects of frost, changes in temperature produce 
differential expansion and contraction, which set up shearing stresses, 
causing flakes to split off. Rupture by expansion and contraction is 
probably less in the porous than in the nonporous rocks, as in the 
former case necessary adjustment is made between the grains. Asa 
rule the finer-grained rocks weather less rapidly than do those of 
coarser grain. Van Hise® states that ‘‘this is a consequence of the 
closer interlocking of the mineral particles of the fine-grained rocks, 
and of the fact that the differential expansion and contraction by 
change of temperature is less with fine particles than with coarse 
- particles.’’ 

Humidity greatly favors decomposition, as chemical action is slow 
in the absence of water. For example, Cleopatra’s Needle, which 
stood thousands of years in arid Egypt, began to disintegrate so 
rapidly in Central Park, New York City, that it had to be coated with 
paraffin to prevent destruction. 

The most favorable conditions, therefore, for rapid weathering are 
coarse and permeable texture of the stone, humidity, warmth, and 
rapid changes of temperature between points above and below 
freezing. 

Parks > conducted a series of teresting experiments designed to 
test the relative durability of various stones. As carbon dioxide is 
the most active agent of chemical decomposition, its effect on vari- 
ous stones was taken as an indication of their relative durability. 
Cubes of stone were immersed in distilled water through which a 
stream of carbon dioxide was passed, and the corrosive effect was 
tested by determining the loss in weight by solution in a given time. 
Those cubes that showed a comparatively small loss by solution 
were regarded as the most durable. 

The change in color of the rock surfaces during the process cor- 
responded closely with the color modification brought about by many 
years of weathering. Hence such experiments are useful as a means 
of testing the probable color changes in untried rocks intended for 
exterior structural work. 

Dale ¢ investigated the rate of dismtegration of marble, especially 
that used for tombstones. He states that in New England the let- 
tering on tombstones 75 to 100 years old will probably be entirely 
effaced in 300 years from the date of cutting. He noted a marble 
slab at Plymouth, Mass., on which the lettermg was almost effaced 
after 87 years of exposure. He mentions also a block of South 

aVan Hise, C. R., A treatise on metamorphism: U.S. Geol. Surv. Mon. 47, 1904, p. 533. 


b Parks, W. A., Op. cit., pp. 70-71. 
¢ Dale, T. N., The commercial marbles of western Vermont: U.S. Geol. Survey Bull. 521, 1912, p. 38. 
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Dorset (Vt.) marble on which the edges of the letters are fairly sharp 
after 79 years’ exposure. 

Although tests of the various physical properties of marble are 
useful as an index of its probable durability, actual observations of 
old structures, outcrops, or quarry walls give the most dependable 
information. Observations may be made of the rate and uniformity 
of weathering and the stains or other changes in color involved. 

Weathered outcrops give the marble prospector valuable infor- 
mation. On ledges where successive beds are exposed the most 
enduring beds will stand out in relief. The condition of soundness 
can also be easily recognized, as weathering emphasizes all cracks or 
lines of weakness. 

Erosion of marble beds commonly results in the formation of 
“mud pockets,’ a name given to cavities worn in the rock and later 


filled with soil. In some places they are large, attaining depths of — 


50 or 60 feet, and the removal of the clay contained in them is a 
matter of considerable expense to the quarry operator. In the Ten- 
nessee marble deposits erosion has followed the unsoundness and 
has left numerous masses of rock projecting upward from the solid 
beds and surrounded by clay. These constitute the so-called ‘“ bowl- 
der quarries.”’ 

Most serpentine marbles are. veined with calcite or dolomite, and 
hence weather unevenly. Moreover, most of them are unsound, and 
consequently permeable to rain water. Such marbles lose their 
polish, weather rapidly, become stained, and soon lose both attrac- 
tiveness and strength if exposed to atmospheric agencies. 


VARIETIES OF MARBLE. 


Marbles may be classed as statuary, decorative, building, and 
monumental. 


Statuary marble is the most valuable variety quarried. It must 


be pure white in color, uniform and fine-grained in texture, and some- 
what translucent, and must possess a marked adaptability for carv- 
ing. KRenwick* recommends that “marble for statuary purposes 
should never be selected in bright weather. Veinings and discolor- 
ations are more difficult to discover at this time than at any other. 
A dull day with a good light is the best time for inspections; if after 
a shower of rain, so much the better. Provided no rain has fallen, 
the blocks should be soused with water. Veins and stains can then 
be more readily perceived. If possible have each block slung and 


struck with a hammer. If the sound of the blow is dull and heavy, — 


look out for cracks. Should a hard and metallic tone be emitted, 
the marble will be heavy in working; but if a soft, clear ring is heard, 
the material is sound and will both work and wear well.” 


@ Renwick, W. G., Marble and marble working, London, 1909, p. 61. 
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Decorative marble is usually employed in places unexposed to the 
weather, and hence may be selected for appearance without regard 
for the effects of weathering. Marble containing large amounts 
of iron sulphides may therefore be used for interior decoration, and 
such marbles may give beautitul effects. Brecciated marbles con- 
sisting of angular fragments cemented together in nature by calcium 
carbonate are widely used for columns. Most marbles of this type 
are imported, only a limited amount having been produced in the 
United States up to the present. Both pure white and variously 
colored marbles that possess unusual attractiveness may be used 
for interior decoration. 

Verd antique, or serpentine marble, is in common use. Most 
of such marble is somewhat unsound and not of sufficient strength 
to justify its use where it will have to take a heavy load. The 
‘marble is commonly used for exterior decoration, but is not to be 
recommended for this purpose, as it does not weather uniformly 
and soon loses it polish. [or interior decorative purposes it is 
popular. 

Onyx marble possesses a waxlike luster and an attractive banding 
which make it a popular material for interior decoration. 

Numerous statuary and decorative marbles from American quar- 
ries are now on the market. No two are alike, and each has its 
own particular trade name. 

Marbles for building and monumental purposes must have attrac- 
tive and uniform colors, and in addition must possess the ability 
to withstand weathering and to retain their attractive appearance. 
For interior decorative marble appearance is the prime factor 
determining its value, whereas with exterior marble qualities of 
endurance rank equally in importance with appearance. Building 
marble should therefore be strong, uniform, close-grained, reasonably 
nonabsorptive, and free from such impurities as may stain or corrode 
the surface. 


DISTRIBUTION AND PRODUCTION OF MARBLE IN THE UNITED 
STATES, 


As stated in the discussion of the origin of marble, the recrystalliza- 
tion of the original limestone is promoted chiefly by heat and pres- 
sure. As a consequence most marble beds are confined to areas 
of extreme folding or igneous intrusions, and hence are to be found 
chiefly in mountainous regions. In some beds recrystallization takes 
place without igneous intrusion or movement of the beds, as at 
Kasota, Minn., but such conditions are rare. ‘The important marble 
belts of the United States are found in the Appalachian region of the 
Eastern States and in the Rocky Mountain and the Coast Ranges of 
the West. 
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According to figures compiled by Burchard,? the States producing © 
marble in 1913, arranged according to value of output, are as follows: 
Vermont, Tennessee, Georgia, Colorade, Alabama, Massachusetts, 
New York, Pennsylvania, Alaska, California, Maryland, North 
Carolina, Utah, Arkansas, New Mexico, Washington, Virginia, 
and Oregon. Deposits of onyx marbles occur in Arizona, Colorado, 
Utah, New Mexico, California, Kentucky, and Virginia. Deposits 
of serpentine marble, or verd antique, occur in Vermont, Pennsyl- 
vania, Georgia, Maryland, California, Massachusetts, Connecticut, 
Delaware, Maine, New York, New Jersey, New Mexico, and northern 
Michigan. 

The value of marble produced in the United States in 1913 was 
$7,870,890, and of this amount the three States, Vermont, Tennessee, 
and Georgia, produced over 76 per cent. The average price per 
cubic foot was $2.11. 


THE IMPERFECTIONS OF MARBLE. 
UNSOUNDNESS. 


MEANING OF UNSOUNDNESS. 


When intersected by joints or fissures marble blocks are said to be 
unsound. The term ‘‘unsoundness”’ refers to all cracks or lines of 
weakness, other than bedding planes, that cause the marble to break 
before or during the process of manufacture. The various types of 


unsoundness are known locally as ‘“‘joints,’”’ ‘‘headers,”’ ‘‘ cutters,” 
‘“‘hair lines,’ ‘‘slicks,’”’ ‘‘seams,”’ “slick seams,” ‘‘dry seams,” or 
‘dries,’ and ‘‘cracks.”’ The term ‘‘reed” is applied to a weakness 


parallel with the bedding. 
IMPORTANCE OF JOINTS IN MARBLE DEPOSITS. 


The presence of jomts in marble deposits presents a most serious 
problem. They may be so close and irregular that the quarrying of — 
profitable material is impossible. Joints should have a marked 
influence on the mode of quarrying a marble, in order that the waste 
due to their presence may be reduced to a mmimum. The manner 
in which joints occur and their probable contmuance at depth are ~ 
matters of supreme importance. 


NATURE OF JOINTS. 


Most joints as they appear in marble deposits are straight and 
uniform though some may be curved or irregular. Some are open 
and conspicuous and others so obscure that they can be recognized 
only by those skilled in their detection by long and constant practice. 











a Burchard, E. F., Stone: Mineral resources U. S. for 1913, U. S. Geol. Survey, 1914, p. 1313. 
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_ Becker? has pomted out that surface tension of water in joints tends 
_ to keep them closed. With a space of 0.01 mch the surface tension 

exerts a force of 13.5 pounds per square foot tending to draw the 
surfaces together, and if the opening is only 0.001 inch wide the force 
will be 135 pounds per square foot. 

The most striking characteristic of joints is their tendency to 
occur in parallel systems. The occurrence of two systems approxi- 
mately at right angles to each other is common. Occasionally a 
third or fourth system may appear. In exceptional cases joints may 
present such extreme irregularity that no well-defined system can be 
recognized. 

The spacing of joints is variable. They have a tendency to occur 
in groups of closely spaced fractures separated by masses in which 
jomts are few nm number. In certain Vermont quarries such closely 
spaced groups are termed ‘‘fish-backs.”’ In some deposits jomts may 
be 10 to 30 feet apart, and in others they may be separated by a few 
inches only. Needless to say, a wide spacing adds greatly to the com- 
mercial value of a deposit. 


ORIGIN OF JOINTS. 


In order that one may even approximately understand the distri- 
bution, direction, spacing, and persistence at depth of the joints that 
intersect marble deposits a knowledge of their origin is necessary. 
Authors generally agree that jomts are caused by strains in the rock 
masses. It is thought that few joimts are due to tensile stresses, as 
jomts so caused would show no slickensided surfaces, and be irregu- 
lar in form, whereas most jomts are straight and even planes and are 
somewhat slickensided. It is now generally accepted that practi- 
cally all joints are faulted surfaces although the displacement may 
be small. Daubrée was so firmly convinced of the correctness of this 
theory that he rejected the term “jomt” as failing to imply the ex- 
istence of relative motion, and introduced the terms ‘“‘diaclase’”’ and 
“naraclase.’’ Joints are probably caused by pressure, and pressures 
‘in rocks may be highly complex. Curved jomts indicate that the 
direction of effective pressure varies, or varied, from point to pomt. 

The famous experiments of Daubrée ° indicate that joints may be 
produced by simple pressure, the joint planes forming at angles of 
45° with the line of pressure. His experiments also show that 
torsion may cause joints. Torsional strain in glass produced two 
sets of fractures approximately at right angles to one another and 
usually at angles of about 45° to the axis of torsion. Becker @ gives 








a Becker, G. F., The torsional theory of joints: Trans. Am. Inst. Min. Eng., vol. 24, 1894, p. 131. 
b See Becker, G. F., Loc. cit. 

¢ Daubrée, A., Etude synthétiques de géologic expérimentale, Paris, 1878, pp. 300-374. 

4 Becker, G. F., Op. cit., p. 136. 
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a reason for this arrangement. He shows that torsion of a bar 


causes diagonal lines to be elongated or contracted, the directions of 
maximum extension and compression being 45° to the axis of tor- 
sion and perpendicular to each other. Cracks in fan-shaped groups 
may also result from torsion. 

Crosby @ claimed that earthquakes were important factors in the 
production of joints, each system being parallel with the earth waves 
producing it. Various systems must therefore have resulted from 
successive shocks. A second system will usually be nearly at right 
angles to the first, as an oblique shock would have found relief along 
the fractures of the first system. The presence of an oblique system 
presumes a shock of such high velocity that time was not allowed 
for the strain to find relief along previous fractures. The same 
author in a later publication ® shows convincingly how shock and 
torsion may act in conjunction and produce results according with 
the phenomena as they occur in nature. His theory, in brief, is as 
follows: 

The torsional theory assumes a very slow, and the earthquake 
theory a rapid process of joint development. As fractures formed 
by slow processes are apt to be irregular, following all places of 
weakness, torsional joints should be irregular. Most joints, how- 
ever, are fairly regular and are even known to pass directly through 
the hard pebbles of a conglomerate. Thus, a discrepancy appears 
in the torsional theory. A single system of regular joints may 
therefore be ascribed to shock. A subsequent shock in a transverse 
direction would tend to break up the sheets formed by the joints, 
the fractures being of a less continuous nature than those produced 
by the first shock, being terminated abruptly in many places by the 
first system of joints and continuing in a different though parallel 
plane. Thus two systems of an unlike character are best explained 
by the earthquake theory. However, two systems of like character 


may be referred to the torsional theory except when they exhibit the — 


regularity indicative of instantaneous stresses. 

Crosby refers to the idea, upheld by many geologists, of an almost 
universal condition of strain in the earth’s crust, and states that if, 
while under torsional or folding stresses, the rock is traversed by an 
earthquake wave, fractures may be precipitated. Experiments with 
sheets of glass showed that a sudden shock while the torsional strain 


was distinctly below the breaking point would precipitate the frac- — 


tures, but that the direction of the fractures was governed by the 
direction of the axis of torsion. It seems reasonable, therefore, that 


the result of an earthquake wave traversing rocks under strain would — 


aCrosby, W. O., On the classification and origin of joint structures: Proc. Boston Soc. Nat. Hist., vol. 22, 
1882-83, pp. 72-85. 
6 Crosby, W. O., The origin of parallel and intersecting joints: Am. Geol., vol. 12, 1893, pp. 368-375. 
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_be the sudden development of joints, governed in direction by the 
torsional or folding stresses present. 

Becker? presents some instructive figures showing the manner in 
which joints are developed by a compressive force in one direction. 
In figure 1, A, the force is supposed to act in a direction at right angles 
to the upper and lower surfaces. Face x and its opposite face are 
supported to prevent rupture. The force produces fractures in planes 
perpendicular to x and inclined in opposite directions at angles of 
45° from the line of force. The face z is intersected by two systems 
of joints at right angles to each other. On the other four faces per- 

_ pendicular to x they appear as parallel lines but may dip in either of 
_ two directions. If considerable deformation takes place before rup- 





FIGURE 1.—Diagrams illustrating the manner in which a single force may produce several systems of 
joints—A, joints of two systems, B, joints of four systems. 


ture, the joints will make angles of more than 45° with the line of 
force. 

If the support on z or y is the same, or, in other words, if the resis- 
tance perpendicular to the line of force is uniform, two systems will 
form simultaneously, as shown in figure 1, B, and horizontal and 
diagonal cracks will appear on both # and y. Thus four systems of 
joints parallel with octahedral faces will be produced, and the re- 
sulting blocks will be octahedral or tetrahedral in form. Other fig- 
ures given by the author indicate how such systems may be shown 
to appear on a random plane. 

It has been shown in the preceding paragraphs that torsional forces, 
compressive forces with uniform or nonuniform relief in a transverse 
direction, or earthquake shocks alone or in conjunction with other 
forces may produce definite systems of joints. The forces may be 


a Becker, G. F., Simultaneous joints: Proc. Wash. Acad. Sci., vol. 7, 1905, pp. 267-275, 
16207°—Bull. 106—16 3 
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multiplied and complex, and the resulting jomt systems may present 
a corresponding complexity, but definite systems are generally de-_ 
veloped. 7 

The nature of joint surfaces and some inferences therefrom have 
been discussed by Woodworth. 


PRACTICAL ILLUSTRATIONS OF JOINT SYSTEMS. 


The occurrence of joints as observed in many quarries clearly sup- 
ports the conclusion deduced by theory in so far as systematic ar- 
rangement is concerned. A few 


NV is Sa eee eae examples selected from many 


} may be offered in support of this 
| : je conclusion. | 


Petates So In many quarries jointing sys- 
Ges tems are clear and definite. 

NOZE. The direction and spacing of 
Ss See are jomts as observed at the surface 


Vo pence ote See may persist with remarkable 
eS ae uniformity at depths of 100 feet 
ee ee or more. Figure 2 illustrates a 
Ce ee system of 21 parallel joints drawn 


YI to scale as they appear in an out- 
NI a crop at a quarry in West Rut- 
pe beer land, Vt. They strike N. 82° E. 
pe ee and dip./61° N..8° AV. Ata 
RI depth of 145 feet they have the 
sh 9-70" same strike, dip, and spacing as 


at the surface. Four of them 
=| are shown in Plate I, A. 
pia eee Figure 3 shows open joints as 
——— : ; 
ae they appear in a quarry wall. 
| | The horizontal lines represent 
pe the various floors cut out by 
SE ee channeling machines. The bed- 
scale in feet g ding dips about 40° and is marked 
— by one prominent and several — 
FIGURE 2.—A remarkable system of 21 parallel less conspicuous open seams. 
omnis Seep ne Although some irregularities are 
to be noted, a definite jointing system may be recognized. 

Plate I, B, illustrates a system of parallel joints in a Tennessee mar- 
ble deposit. Erosion has followed the joint planes and thereby given 
them exceptional prominence. Attention is directed to figure 11 — 
(p. 67) which shows the joint systems in the floor of a marble quarry 
in Alabama. 


@ Woodworth, J. B., On the fracture system of joints, with remarks on certain great fractures. Proc. 
Bos. Soc. Nat. Hist., vol. 27, 1896, pp. 165-183. 
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A. THE ABRUPT TERMINATION OF JOINTS IN A PLASTIC LAYER IN WHICH DEFORMATION 
BY FLOWAGE TAKES THE PLACE OF FRACTURES. 





B. A SYSTEM OF PARALLEL JOINTS EMPHASIZED BY EROSION. 
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Hundreds of examples might be given of joint systems, and many 
quarrymen could supplement them with illustrations from their own 
experience. On the other hand, in some quarries joint systems may 
be difficult to recognize. They may be obscure and seemingly rather 
irregular. However, careful mapping of many of them will reveal 
definite systems. A practical illustration may be of value. 

The operators of a certain quarry declared that the joints in their 
quarry occurred without any definite system. In order to test the 
validity of this view the positions of the visible joints were determined 
as completely as circumstances would permit, with compass, clinom- 
eter, and tape measure. A plan, as represented in figure 4, was 
made showing the arrangement of the joints on the quarry floor. 
_ Although some irregularities may be noted, it is evident that only a 
limited number of joints vary more than a few degrees from a direc- 
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FIGURE 3.—Open joints in a quarry wall. 


tion N. 45° W. While variations in dip are rather pronounced, a 
majority of the fractures are within limits of 10° from the vertical. 

It is evident, therefore, that with few exceptions definite systems 
of jomts may be recognized in marble quarries. ‘The economic impor- 
tance of joints is discussed in detail in a subsequent section devoted to 
-a consideration of channeling in relation to unsoundness. 


PERSISTENCE OF JOINTS AT DEPTH. 


The disappearance or continuance of joints with depth is a matter 
of profound importance to quarrymen. The belief is common that 
joints are less numerous at depth. Some persons who hold this 
opinion can support it by observations in quarries, whereas with others 
the idea is the expression of an unverified optimism. The origin of 
joints and the phenomena accompanying their development have a 
direct bearing on their persistence at depth. 

Becker * has shown that a mass of rock must occupy a greater 
space after jointing than before, as cracks and open corners are pro- 


a Becker, G. F., Op. cit., pp. 274, 275. 
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duced. Thus as joits demand increased volume in the mass of rock 
affected, and as surface rocks have freedom of upward motion, 
whereas deep-seated rocks are more or less restrained in all directions, 
there is a stronger tendency for joints to form near the surface than aft 
depth. As pointed out by the same author, the pressure on rocks at 
depth does not obviate the tendency for fractures to form, but may 
prevent actual ruptures. Deformation without rupture results, as 
is clearly shown in Plate I, A. The sudden termination of the joints 
in a plastic layer of soft green marble, as shown near the top of the 


plate, illustrates the manner in which plasticity permits the necessary — 


adjustment by flowage rather than by fracture. 
It is evident, however, that a condition of flowage demands an 
immense superincumbent load, and takes place, therefore, at depths far 
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FIGURE 4.—Surface plan of joints that appeared to lack systematic arrangement. 


beyond the reach of quarry excavations. If deformation without 
rupture takes place within the limited depth of a quarry pit, it must 
be by some other phenomenon than that commonly called flowage. 


Deformation may take place at moderate depth by the formation 


of crushed structures which may be masked by recrystallization.. 


Furthermore, deformation without rupture may take place by twin-_ 


ning, or the development of gliding planes in the calcite crystals. As 


gliding planes have been produced in the laboratory, it is evident that _ 
they may occur in nature under pressures of no greater magnitude — 
than those brought about by a superincumbent load of rock within © 


the vertical range of a quarry pit. Deformation may take place by 
one of these means at moderate depths. 

In theory, therefore, joints are characteristically surface phenomena, 
and should decrease in number with increasing depth. This theory 


? 
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is generally substantiated by the conditions disclosed in quarrying. 
The decrease may not be constant or uniform. Certain beds are 
more liable to be intersected with joints than other beds, and in con- 
sequence one bed may have more joints than those above it. In 
general it has been found, however, both in quarrying and in project- 
ing core holes, that if any one steeply inclined bed is followed down- 
ward the unsoundness constantly decreases. 

Certain fractures, known locally as ‘‘slicks”’ or ‘‘hair lines,’’ are, 
as a rule, evenly spaced, vertical, and at right angles to the strike of 
steeply inclined beds. They usually disappear at depths of 50 to 
_ 100 feet. They are regarded as originating from the expansion and 
— contraction of rocks owing to variations in solar heat. 


UNSOUNDNESS IN VERD ANTIQUE. 


Unsoundness in quarries of serpentine marble, or what is com- 
monly called ‘‘verd antique,” is usually rather pronounced and 
extremely irregular. It is probably caused chiefly by expansion or 
swelling, owing to the process of hydration as the serpentine is 
formed. As a consequence, no definite systems of cracks are to be 
expected. The formation of lens-shaped masses is common. It is 
frequently difficult to obtain blocks of any considerable size suffi- 
ciently coherent to be of commercial value. Occasionally the cracks 
are recemented by crystalline calcite, producing an attractive white 
veining on a green background. The so-called brecciated marbles 
are extremely unsound masses composed of many irregular and 
usually angular fragments that have been cemented by chemical 
precipitation of calcium carbonate. 


‘GLASS SEAMS.’’ 


In certain quarries joints that have been recemented in the manner 
described above are termed ‘‘glass seams.’ They may be suffi- 
ciently strong to permit sawing even into thin stock, but most of 
such seams are planes of weakness. The filling is most commonly 
of calcite. Occasionally it is of silica, either as quartz, flint, or 

chert. The silicious filling is least to be desired, as its extreme 
| hardness makes sawing and polishing difficult, and it presents a 
nonuniform surface. In any case a glass seam usually appears as 
a conspicuous line which can be regarded only as a blemish when 
present in otherwise uniform marble. 


IRON SULPHIDES. 
‘THE COMMON IRON SULPHIDES. 


The sulphides of iron which occur commonly in nature are pyr- 
rhotite, pyrite, and marcasite. Pyrrhotite is a mineral of variable 
composition ranging from Fe,S, to Fe,,S,,. It appears to be a solid 
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solution of FeS and sulphur. Pyrite and marcasite are identical in 
chemical composition, which is expressed by the formula FeS,, but 
crystallize differently, pyrite being isometric, usually as cubes, 
octahedrons, or pyritehedrons, and marcasite orthorhombic, with 
prominent domes and pinacoids. In other respects the two minerals 
are closely similar and it is difficult to distinguish them. 

Pyrrhotite is rare in marble. Pyrite and marcasite are accessory 
minerals in many marble deposits, the pyrite being the more com- 
mon. They may appear as scattered crystals of variable size, or may 
form bands and masses of considerable prominence. The conditions 


under which pyrite, marcasite, or mixtures of the two may form in 


nature are discussed by Allen, Crenshaw, and Johnston.* 
MANNER AND EFFECT OF SULPHIDE DECOMPOSITION. 


By weathering, pyrite may combine with oxygen to form iron 
oxide, iron sulphate, or free sulphuric acid. The oxide may stain, 
and the acid may corrode the rock. When alumina is present whit- 
ish crusts of aluminum sulphate and alum may form. As pointed 
out by Merrill,® if magnesia is present the sulphuric acid may pro- 
duce a soluble efflorescent salt, which forms white patches on the 
surface. | 

The process of weathering may, on the other hand, be less detri- 
mental. The pyrite may gradually change color, become coated 
with a brown crust, and eventually alter entirely into hydrated iron 
oxide, which retains the original shape of the pyrite and thus forms 
a pseudomorph. | 

Marcasite decomposes in much the same manner, though usually 
more rapidly than pyrite, and more rarely in the pseudomorphic form. 


SULPHIDES NOT ALWAYS INJURIOUS. 


Most authors who have discussed impurities in building stone have 
stated unreservedly that pyrite is injurious when the stone in which 
it is contained is used for exterior work. This statement is not always 
true, however. 

Many recorded examples and personal observations show that the 
rate of decomposition of iron sulphides is different in different deposits. 
In some marbles the sulphides decompose and form undesirable 
discolorations in a few months or a few years. Marble from other 
deposits may contain iron sulphide that will withstand many years 
of weathering, and show no appreciable change. Examples are 
known of American marbles containing pyrite that have stood 


a Allen, E. T., Crenshaw, J. L., and Johnston, John, The mineral sulphides ofiron: Amer. Jour. Sci., ser. 
4, vol. 33, 1912, pp. 169-217. 
b Merrill, G. P., Stones for building and decoration, 1903, p. 31. 
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exposed to the weather for more than 100 years without noticeable 
staining. 

The researches of Julien and Stokes throw considerable light on 
the conditions governing the rate of decomposition of iron sulphides, 
and consequently are of great value to quarrymen and architects. 


RESEARCHES OF JULIEN. 


Julien” gives a description of pyrrhotite, marcasite, and pyrite 
with notes thereon that suggest that the process of metamorphism 
tends to alter pyrrhotite and marcasite into pyrite, and that, of the 
iron sulphides, pyrite predominates to a greater extent in marble 
_ than in the rocks that have undergone less metamorphism. 

He points out that pyrite even in the form of crystals is rarely 
pure, but contains varying quantities of marcasite more or less inti- 
mately mixed with it. The author emphasizes the point that the 
rate of decomposition depends upon the purity of the mineral; 
mixtures of pyrite and marcasite weathering readily, whereas pure 
pyrite is stable. 

The relation of specific gravity to rate of decomposition is of interest. 
The specific gravity of marcasite is given as 4.80, and of pyrite as 5.01. 
As pyrite is the heavier, any admixture of marcasite with it will lower 
the specific gravity. Consequently specific gravity may be taken as 
acriterion of purity, and therfore of resistance to weathering. 

In judging the probable resistance to weathering of any iron 
sulphide present in a rock the author recommends careful examina- 
tion of form, color, fracture, and density with supplementary tests 
for determining whether the mineral is pure pyrite or whether it 
contains marcasite mixed with it. If mixtures of the two sulphides 
are found, rapid alteration is to be expected. If possible, pure 
material, preferably crystals, should be obtained. The observa- 
tions to be made and their interpretation are as follows: 

1. Crystal form; if isometric the material is probably resistant, 
though such crystals may contain marcasite. 

2. Color; if brass yellow the mineral is probably nearly pure 
pyrite; if pale yellow or tin white marcasite predominates. 

3. Fracture; if conchoidal it is probably pyrite; if uneven or 
granular, marcasite is abundant or the mineral is otherwise impure. 

4. Hardness; the hardness of pyrite is 7 and of marcasite 6.5. 

5. Odor and streak; a sulphurous odor and greenish streak indi- 
cate the presence of much marcasite. 

6. Specific gravity; fairly pure pyrite can be expected only when 
the specimen has a specific gravity greater than 4.97. 





aJulien, A. A., On the variation of decomposition in the iron pyrites; its cause and its relation to density: 
Ann. New York Acad. Sci., vol. 3, 1883-1885, pp. 365-404; vol. 4, 1887-1889, pp. 123-223. 
b Julien, A. A., Op. cit., pp. 221-223. 
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7. Observations of weathering effects in quarries or outcrops are 
recommended as of great practical value. 

8. Tests may be made of the comparative rapidity of tarnish when 
the sulphides are exposed to the fumes of bromine or fuming nitric 
acid. 


RESEARCHES OF STOKES. 


Stokes * verifies Julien in some respects and differs from him 
in others. He asserts that in general marcasite oxidizes more readily 
than pyrite, though finely divided or porous specimens of either 
decompose rapidly. Mixtures of marcasite and pyrite decompose 
readily, probably owing partly to porosity and partly to electro- 
chemical action between the two. 

Attention is directed to the fact that the presence of various 
impurities, such as quartz or silicates, may lower the specific gravity 
of pyrite. Density alone therefore is not a sure method of detecting 
the presence of marcasite in pyrite unless ine absence of all other 
impurities is known. 

The author also casts some doubt on Julien’s Ce that most 
isometric crystals contain appreciable amounts of marcasite. Al- 
though exceptional specimens may contain marcasite, most isometric 
crystals are pure pyrite, and orthorhombic crystals pure marcasite. 


METHODS OF DETERMINING STABILITY OF SULPHIDES. 


Whether a low density is to be attributed to the presence of mar- 
casite or to some other impurities is of little consequence to the stone 
man. The important point supported by both authors is that speci- 
mens of low density are prone to decomposition. Granular or porous 
specimens are likewise easily oxidized. 

It would seem that by making observations and tests as sug- 
gested by Julien a fair conception could be gained of the probable 
stability of the sulphides present, and therefore of the adaptability 
of the marble for exterior structural purposes. A microscopic ex- 
amination is of value as indicating whether the sulphides are present 
as crystals or in porous or granular form. Crystal form and specific 
gravity are the physical properties that seemingly give the most 
definite information. The most reliable information may be ob- 
tained from observing structures made of sulphide-bearing marble 
that have stood for many years exposed to weathering. If such ob- 
servations can not be made, chemical tests may be substituted. The 
condition of sulphides in the quarry wall or ledge may give less reliable 
information. Repeated attacks of circulating ground water contain- 


aStokes, H. N., On pyrite and marcasite: U.S. Geol. Surv. Bull. 186, 1901, 50 pp. 
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ing active solvents may decompose the sulphides, although in the dry 
wall, or exposed only to the action of rain water, they may last in- 
definitely without sign of decomposition. 


THE USES OF SULPHIDE-BEARING MARBLES. 


Although it is true that iron sulphide is not necessarily injurious 
in marble, it should be carefully avoided in the selection of stone for 
exterior uses unless good evidence has been obtained that stains will 
not result. For interior structural or ornamental purposes, however, 
sulphide-bearing marbles may be used. In some structures the yel- 
low bands and patches of pyrite have produced beautiful effects in 
polished surfaces. 


SILICA. 
ORIGIN OF SILICA IN MARBLE DEPOSITS. 


Silica may be an original constituent of the marble mass. Marble 
is formed chiefly from an accumulation of calcareous remains, which 
have been crushed, folded, and recrystallized to a greater or less 
degree. It is well known that certain marine organisms, such as 
diatoms and some varieties of sponges, have silicious skeletons. An 
accumulation of such shells would form masses of silica. The occur- 
rence of flint balls in chalk cliffs is ascribed to this cause. The silica 
may appear in straight or lenticular bands or knots. 

Van Hise“ claims that as most of the organic silica is in soluble 

form it is dissolved and later reprecipitated as chert. He empha- 
sizes the strong tendency in minerals to segregate during the process 
of deposition from solution, and ascribes to this cause the occurrence 
of the chert in knots and lenses. The larger and more persistent 
bands may consist of siliclous matter in its original form. The 
‘occurrence in concentrated masses may be due to the tendency of 
' marine organisms to live in colonies. 
_ Conditions favoring the propagation of silicious-shelled organisms 
probably prevailed over a wide area at the same time. If therefore 
silicious lenses are found in a certain bed in a marble quarry, in all 
probability they are characteristic of that bed over a wide area. 

Silica may also be introduced into marble beds at a later stage in the 
history of the deposit. Water that percolates through fissures in the 
mass may contain small quantities of silica in solution, and this 
material may be precipitated in cracks and cavities. Silica in this 

form will tend to follow the unsoundness, and may even effectually 
seal up the fractures. 


aVan Hise, C. R., A treatise on metamorphism: U.S. Geol. Surv. Mon. 47, 1904, p. 817. 
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DETRIMENTAL EFFECTS OF SILICA IN MARBLE. 


Silica is at least twice as hard as ordinary marble, and in conse- 


quence its presence greatly retards channeling, drilling, or sawing and 


is injurious to tools, especially wire saws. A flint ball may divert 
the saw cut to one side or may impede or entirely prevent cutting. 
Moreover, the unequal hardness presented by the surface of a flinty 
marble makes it difficult to obtain uniformity of finish under the 
buffer. . 

The presence of silica usually detracts ‘ue the appearance of 
marble. The flinty or cherty mass as a rule differs from the marble 
in color or texture and thus constitutes a blemish comparable with 
that produced by the presence of a knot in an otherwise uniform stick 
of timber. 

SILICATED MARBLES. 


Silicated marbles are those that contain silicates such as pyroxenes, 
amphiboles, mica, or chlorite. Such silicates may result from the 
combination of silica with the calcium or magnesium of the marble, 
with the escape of carbon dioxide. Marbles containing interbedded 
silicates may also be included under silicated marbles, although none 
of the silicates may have been derived from the marble. 

Interbedded silicates may originate from clay beds in the original 
limestone. Clay brought down by rivers may be interbedded in 
limestone deposits formed near the shore: ‘The process of metamor- 
phism that changes the limestone into marble has a pronounced 
effect on the interbedded clay. Ordinarily it is altered into mica 
and chlorite. The resulting marbles will therefore contain bands 
of these minerals. In marbles that have undergone a limited amount 
of folding and deformation the mica and chlorite bands will remain 


conformable with the original bedding. Such bands may constitute - 


definite bedding planes separating beds of pure marble. In such 
form they are not serious imperfections and may even assist the 
process of quarrying. If deformation has been more intense the 
mica and chlorite may be scattered throughout the marble mass as a 
dark banding. Although serviceable for certain purposes, in general 
a clouding or banding detracts considerably from the market value 
of the stone. 

The formation of silicates by combination of silica with the cal- 
cium and magnesium of the marble has usually been accomplished by 
intense metamorphism. Dolomitic marbles may contain crystals 
of tremolite, a silicate of calcium and magnesium. Most of the 
crystals are white with a silky luster, have a characteristic diamond- 


shaped cross section, and are much harder than marble. They may — 


be microscopic in size or may attain a length of 2 inches. They 
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break out easily and consequently are serious imperfections when of 


large size. White mica is a common silicate in marble. Its presence 
tends to make the rock more easily cleavable, as the plates are usually 
parallel with the grain. Wollastonite, diopside, olivine, and tour- 
maline are other common silicates occurring in marbles. 


DOLOMITE IN MARBLE. 


A marble that consists of pure dolomite is harder and more resist- 
ant to weathering than one consisting of pure calcite. Thus a marble 
consisting of dolomite may be no less valuable than one consisting of 
calcite. As there is a marked difference in solubility and hardness 
between the two minerals, a marble composed of alternating masses 


of calcite and dolomite is undesirable. If dolomite is present in 


lenses or bands, unequal weathering will result and produce a non- 


uniform surface. There is also the probability of differences in tex- 


ture, color, or susceptibility to polish between the two minerals. 
Although pure dolomite, or intimate mixtures of dolomite and cal- 
cite, are not to be regarded as inferior types of marble, heterogeneous 
mixtures in the form of lenses, knots, or bands are, for the above 


reasons, undesirable. 


UNDESIRABLE COLORS. 


Marbles may have various colors or combinations of colors, many 


_ of which are attractive for decorative purposes. The colors may be 
_ permanent or they may change after exposure to sunlight or weather. 


The fading of an attractive color is undesirable. Vogt states that 
certain Norwegian blue marbles fade after five years’ exposure to the 
light. Marbles from various other localities are known to fade per- 
ceptibly after exposure to sunlight for a number of years. As marble 
is usually chosen for its inherent attractiveness, color is one of its 
chief assets, and if the color changes the rock may no longer be of 
value. Occasionally exposure to the weather improves the color of 
a marble, but as a rule permanence of original color is to be desired. 

The origin of some undesirable shades of color may be easily deter- 


mined. Black and gray shades are usually due to the presence of 


carbon. Red and brown shades may be due to manganese oxide 


| ~ (MnO) or to hematite (Fe,O,). Cream and yellow colors are caused 


by the presence of fine particles of hydrous iron oxide, limonite 
(2Fe,0,.3H,O). If pyrite is present in a marble its appearance may 
be attractive when the marble is first quarried, but may give rise to 
stains from subsequent oxidation. Green colors may be due to seri- 
cite, chlorite, epidote, actinolite, chrome mica, diopside, or serpentine. 

Certain other shades of color are of obscure origin. Some variations 
in color, though slight, may detract immensely from the market value 


aVogt, J. H. L., Norsk marmor, Kristiania, 1897, p. 354. 
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of the rock. A white marble commonly shades off into a lifeless gray. 
This may be due to imperfect recrystallization of the gray rock, which 
may therefore be classed as a limestone rather than a marble. In 
other deposits an attractive white may fade into an inferior bluish 
white. Lenses and bands of the bluish material may pass irregularly 
through the white, and thus occasion excessive waste, or necessitate 
classifying the marble in a lower grade. The reason for this bluish 
coloration is unknown; some impurity in minute quantities or some 
peculiarity of crystallization may be the cause. 

During the process of limestone formation there is a tendency for 
similar conditions to prevail over a wide area at the same time. As 
a consequence colors due to substances that are original constituents 
of the marble tend to exhibit a minimum variation in different parts 
of the same bed and a maximum variation in passing from one bed 
to another. It is usually found that certain beds in a marble deposit 
give more attractive colors than other beds, and that each bed 
exhibits more or less constancy of color. The variation from white 
to bluish white in different beds may be pronounced, though less 
marked variations have been, noted in different parts of the same bed. 
If marble of a particularly pleasing color appears in a certain bed, 
there is much greater probability of finding more of the same material 
by following the original bed than by seeking for it in other strata. 


FISSILITY. 


In certain marble deposits numerous parallel cleavage planes have 
been developed. They may be so closely spaced that little serviceable 
marble can be obtained. According to Becker, % cleavage in rocks is 
due to a weakened cohesion along planes of maximum tangential 
strain (or maximum slide). The process of folding, which is so 
common in marble beds, undoubtedly causes intense strains, which 
may develop a cleavage or fissility in the marble. Marbles that are 
fissile have probably been subjected to profound metamorphism. 
The same author® points out that crystals tend to grow in the 
direction, of least resistance, and hence mica plates, so common in 
easily cleavable marble, tend to grow parallel with the planes of 
schistosity. ‘Thus the mica may further facilitate the cleavage. 
The presence of much muscovite (white mica) parallel with the 
cleavage planes in several fissile marbles has been noted. 

Marble with a certain degree of fissility may be used if cut in slabs 
parallel with the cleavage. There is a probability of great waste, 
however, and as a rule such deposits should be avoided. 


a Becker, G. F., Experiments on schistosity and slaty cleavage: U.S. Geol. Survey Bull. 241, 1904, p. 11. 
6 Becker, G. F., Op. cit., p. 22. 
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DEFECTS IN TEXTURE AND STATE OF AGGREGATION. 


Uniformity of texture is an important requisite of a marble. A 
noticeable variation in the size of grain from point to point detracts 
greatly from its appearance. Moreover, different textures decompose 
at different rates, and therefore nonuniform marble will tend to 
weather and decay in an unequal manner, and to produce a pitted 
and uneven. surface. | 

Marbles vary greatly in size of grain. Most of the fine-grained 
marbles are more durable than the coarse grained. As pointed out 
by Dale,? acid water travels more rapidly between coarse than be- 
tween fine grains. For all exterior structural purposes, therefore, 
_ fine-grained marble is to be preferred. 

Aside from its durability, the fine-grained marble offers other 
advantages. It usually takes a better polish than coarse-grained 
- material. Moreover it is as a rule better adapted for intricate cutting 
or carving, though some of the coarse-grained marbles of Georgia 
carve well. 

The percentage of pore space is variable in marbles from different 
localities. In no marbles are the crystals so firmly cemented together 
that no pore space exists, though in some specimens it is small. 
Pores permit the infiltration of water, which affects the marble in 
two ways. Rain water may contain carbon dioxide or other solvents 
that hasten the decay of the rock. Water in the pores may freeze 
in cold climates and thus cause disintegration. Hence, low porosity 
is desirable in marbles for exterior uses. 

However, a marble should not be condemned simply on the basis 
of percentage of pore space. A rock of low porosity may under cer- 
tain conditions decompose more readily than one of much higher 
porosity but having a different type of pores, as explained in the 
“following paragraph: 

The rate of solution of marble by circulating water depends on the 
nature of the solution and the rate of circulation. The nature of the 
solution depends on environment, and not on any inherent peculiar- 
ities of the marble itself, except in so far as the solution is modified 
by substances dissolved during its passage through the rock. The 
rate of circulation, however, depends largely on the nature of the 
pores. If the pores are isolated from each other by walls of rock, 
circulation must be slow. If, on the other hand, they are connected 
by open channels, free and rapid circulation is possible. The rate of 
circulation depends, therefore, rather on permeability than on per- 
centage of porosity. ‘The permeability of marble may be tested by 
investigating the rate of flow of water forced through it under pres- 


a Dale, T. N., The commercial marbles of western Vermont: U.S. Geol. Surv. Bull. 521, 1912, p. 37, 
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sure as described by Parks,“ or it may be tested by the distance 
to which colored analine dyes will pass into the rock in a given time. 
Naturally those marbles of high permeability are undesirable for 
exterior work. 

In cold climates the effect of frost on exposed marble may materi- 
ally increase the rate of decay. Although low porosity undoubtedly 
tends to diminish the danger of deterioration through frost action, 
the effects of frost are not proportional to the percentage of pore 
space. As shown by Buckley,° the effect of frost on a stone depends — 
on the rapidity with which the stone gives up its included water. 
Parks ° in commenting on this statement brings out the following 
facts: The injury is caused by the expansion resulting when water 
changes into ice. If the pores are full of water, expansion must cause © 
disintegration of the rock, but if the pores are only partly full, expan- 
sion may take place without rupture of the pore walls. Capillarity — 
may keep many of the finer pores full of water, whereas air in the 
larger cavities prevents complete filling.. It is evident, therefore, that — 
a stone having a large proportion of fine pores is in greater danger from ~ 
frost than one in which the proportion of fine pores is lower. In cold 
climates, therefore, numerous fine pores are undesirable in marble 
that is to be exposed to the weather. | 

Porous stones readily collect dust particles and therefore become — 
dirty much more rapidly than compact varieties. Porous stone 
should therefore never be used if it is to be exposed to excessive 
smoke or dust. | 

In sawing porous marbles sand must be used as abrasive. — 
Although crushed steel cuts more rapidly, it may enter the pores, and 
later scratch the slab during the process of polishing, or may by — 
rusting cause serious stains. 

The strength of a marble depends in part on the state of aggregation. © 
of its constituent particles. Marbles in which the particles adhere to 
one another with great tenacity are stronger and more durable under 
pressure than those in which the grains are loosely coherent. A — 
remarkable interlocking of crystals has been noted in some marbles, 
and it is thought that such a condition increases their crushing 
strength. 7 

a Parks, W. A., Report on the building and ornamental stones of Canada: Can. Dept. Mines, vol. 1, — 
1912, p. 61. 


b Buckley, E. R., Building and ornamental stones of Wisconsin: Wis. Surv. Bull., 4, 1898, p. 22. 
c Parks, W. A., Op. cit., pp. 63, 64. 
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PROSPECTING AND DEVELOPING MARBLE DEPOSITS. 


PROSPECTING. 
VALUE OF GEOLOGIC MAPS. 


Most marble beds outcrop in long and narrow bands, which may 
extend for many miles. These bands represent truncated edges of 
folds in the rock and may be curved or straight, depending upon the 
topography and on the nature of the fold. Much of the rock 
surface may be covered with gravel, sand, or clay to a considerable 
depth. The geologist may, by a careful study of outcrops exposed 
_ here and there, obtain a knowledge of the chief structural features, 
_. and may thus determine the position, thickness, and attitude of the 


_ marble beds with a fair degree of accuracy, even if they are entirely 


hidden by surface débris. If geologic maps of marble belts are 
carefully made they are of inestimable value to the marble pros- 
pector. By accurately locating himself in the field and carefully con- 
sulting a geologic map the prospector may determine the position of 
marble belts beneath the soil and know something of their extent 
and attitude although they are unseen. It is important, therefore, 
that all available geologic maps of the region be consulted freely. 


NEED OF DETAILED PROSPECTING. 


Knowledge of the suitability of any particular site can be gained 
only by detailed prospecting including a determination of the depth 
of overburden and of surface alteration of the rock and of the extent, 
quality, impurities, and soundness of the deposit. It is extremely 
unwise to proceed with development work without a reasonable 
assurance that an available mass of sound and attractive marble is 
sufficiently uniform in quality and abundant in supply for profitable 
exploitation. 

DETERMINATION OF OVERBURDEN. 


The depth of stripping necessary may be determined at small cost 
by putting down drill holes. Theneed of such preliminary tests should 
be recognized. In certain instances stripping has been attempted 
without any previous investigation of the depth of soil to be removed. 
The great loss that may result from thus working blindly may be 
illustrated by one particular instance. A pit opened by a certain 
quarry company and later abandoned is 60 by 80 feet in extent and 
20 feet deep. To make such a pit required the removal of approxi- 
mately 3,550 cubic yards of soil, which, at an average cost of 25 
cents per cubic yard, would have cost $887. The only purpose this 
pit actually served was to show the owners that the stripping was too 
deep to make quarrying at this point profitable. The same informa- 
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tion could have been obtained by projecting two drill holes each 25 
feet deep. At the ordinary cost of rock drilling, $2 per foot, the cost 
would have been only $100, a saving of $787. 

In estimating the necessary cost of stripping for a new quarry the 
attitude of the marble beds must be taken into account. If the beds — 
are flat a greater area of rock must be uncovered than if they are 
steeply inclined or vertical. 

Naturally conditions relating to disposal of stripping are of great 
importance. In certain places it is a matter of some difficulty to find © 
a suitable place in which to deposit the soil that must be removed; 
in other places the soil may be carried to neighboring valleys or low- 
lying areas. 

SURFACE STUDY INSUFFICIENT. 





Surface observations are of great value, especially as regards joint- _ 
ing. The process of weathering tends to emphasize all unsoundness _ 
and thus facilitates the study of joint systems. Exposed surfaces 
may also permit a determination of dip and strike and the thickness — 
of the beds. | 

In determining the quality of a marble deposit a study of uncov- 
ered knobs or ledges should not, however, be deemed sufficient. On 
account of surface weathering the top rock may differ materially 
from the deeper parts of the deposit. Moreover, the number and 
spacing of joints at the surface may be no indication of the prevailing : 
conditions at depth. Before the prospective quarry operator installs | 
expensive derricks and hoisting machinery and purchases channeling _ 
machines and drills he should have a fair idea of the quality and | 
soundness of the marble and the supply available. In order to | 
obtain this knowledge drill cores should be taken at several points. | 

| 
| 





DIAMOND-DRILL PROSPECTING. 


The ordinary diamond drill will give the necessary information 
regarding color, uniformity, and general appearance of the stone, 
and also the extent of the formation. It will not, however, give | 
definite information concerning the dip and the strike or the unsound-__ 
ness of the marble. If drill cores come out in long, unbroken sec-> | 
tions which show no indication of cracks, it may be assumed that — 
the rock is fairly sound. If, on the other hand, the core is in short 
sections, the rotation of the drill will in most cases have so worn 
and rounded the broken ends that it will be impossible to determine | 
whether the breaks are due to natural planes of weakness in the 
rock or to the process of drilling itself. 








PROSPECTING AND DEVELOPING MARBLE DEPOSITS. 41 
MECHANISM OF THE DOUBLE CORE-BARREL DRILL. 


A method of prospect drilling that has been employed by at least 


- one operator involves the use of the double core-barrel drill that was 





designed primarily for drillmg bituminous coal, and operates in such 
a manner as to bring out a core from a delicate material with a 
minimum of breaking or other damage. The drill, shown in Plate IT, 
consists of an outer and an inner tube. The outer is attached to the 
drill rod by means of the core-barrel plug, and is rotated the same 
as the cutting tools. The inner tube is suspended by a ball-bearing 
_ plug at the top and centered by a ball bearing near the bottom. 
_ Thus, while the outer tube revolves, the inner tube which carries the core 
_ ring or lifter at its lower end remains stationary. The core passes up 
through the bit into the inner barrel, where it is protected from fric- 
tion from the rotating parts, and from the washing action of the 
water. An ample water supply is provided between the two tubes. 
The purpose of the inner tube is to hold the core as immovable as 
possible, and thus to prevent the wearing or rubbing of the broken 
ends. Although the core does not revolve after it passes through 
_ the core lifter into the inner tube, the principle of cutting and the 
action of the bit on the core until after it passes into the inner tube 
are just the same as with the single-barrel drill. Therefore, if a natural 
parting is encountered in the rock, or if for any reason the core is 
broken off, it is liable to be rotated somewhat before it gets into the 
inner tube. If the core breaks obliquely the danger of rotation is 
minimized. Cores should be at least 24 inches in diameter. 


VALUE OF DOUBLE CORE-BARREL DRILL TO PROSPECTOR. 


The use of a drill like that described enables the prospector to 
judge the unsoundness of the marble at points beneath the surface. 
If one examines carefully the ends of the sections of drill core one 
can, almost without exception, interpret the breaks, and state 
whether they are due to natural jomt planes in the rock or to the 
process of drilling. If the cores are properly oriented, the proximity 
and direction of all natural cracks in the rock in the immediate vicin- 
ity of the drill holes may thus be ascertained. 

If the marble deposit is well exposed, the dip and the strike may 
be determined from examination of the outcrops. If, however, it is 
completely buried, these features may be determined from the drill 
cores if they are carefully oriented. 
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DRILLING THE HOLES. 
NUMEROUS HOLES UNDESIRABLE, 


Information should be obtained with a minimum number of drill 
holes. In this respect prospecting for marble differs materially 
from prospecting for metalliferous ores. As regards metalliferous 
ore, the soundness of the ore is not important, whereas with the marble 


every crack or cavity increases the proportion of waste in the quarried 


product. A drill hole in a quarry is quite as objectionable as a crack. 
If the deposit les flat or nearly so, a single well-placed core driven 
entirely through the deposit will give information as to the character 
of the marble, and show whether it is one homogeneous mass, or is 
divided by streaks of color or open beds into different layers, and 
whether the layers differ in character one from the other. 


PROSPECTING THICK BEDS DIPPING AT A MODERATE ANGLE. 


If the deposit dips at a moderate angle and is comparatively thick, 
the best way to determine its thickness and the character of its beds 
is to lay out a line of drill holes at right angles to the strike. The first 
drill hole that penetrates the upper beds should begin in the hanging 
wall, a name given to the bed immediately overlying the marble 
band. The holes should be of such depth and spacing that the bot- 
tom of a hole in the upper beds will penetrate the same layer as the 
top of the neighboring hole on the side toward the footwall. The core 
nearest the footwall should reach and penetrate this wall. By this 
method a series of core holes of moderate depth will supply samples 
from all the beds, and the relatively high cost of drilling deep holes 
will be avoided. The same information could be obtained by drilling 
one hole, starting at the hanging wall and penetrating the entire deposit 
to the footwall, but the cost weuld probably be much higher. 


: : 
DETERMINATION OF DIP AND STRIKE FROM DRILL CORES. 


If the marble has at any time been subjected to severe stresses, and 
has been sufficiently plastic to flow freely under the pressure, the origi- 
nal distribution of color may be so disturbed that it no longer bears 
any well-defined relation to the bedding. Ordinarily, however, the 
direction of veiming or clouding is approximately parallel with the 
bedding. <A vertical core may therefore enable the prospector to 
determine the average angle of dip of the marble if he measures the 
angle at which the streaks of color or the grain of the rock traverses 
the core itself. 

If access to the surface of the marble can be obtained before the 
core is started, the direction of strike may also be determined from a 


single vertical core by orienting the upper part of the core as it was 
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before drilling, and then by carefully matching the successive pieces. 
If the surface is inaccessible three cores distributed on the corners of a 
triangle may serve to determine both dip and strike, provided there 
are well-defined beds that may be matched in the different cores. If 
a sufficient area of the marble is stripped the strike and dip can be 
determined by direct observation, but even then the indications of 
the core may be of value, because the strike and the dip may vary 


considerably even within short distances. 


ARRANGEMENT OF HOLES TO TEST VARIATION IN QUALITY. 


It may seem desirable to test the uniformity in quality of marble 
in the same bed at different points along the strike. To get a fair 
idea of any variation in quality it is well to lay out, across the strike, 
two parallel lines of holes, 300 to 1,000 feet apart, depending on 
conditions. Every effort should be made to locate the two lines of 
holes so that each core in the second line will come from the same part 


of the deposit as the corresponding core of the first line. Thus, fair 


conclusions can be drawn as to the variation in quality of any layer of 
the deposit as a whole from point to point. All drill cores should be 
polished on one side in’ order to facilitate determination of color, 
uniformity, and degree of polish that may be obtained. 

As core drilling is rather costly, it is well to supplement the evi- 
dence of the cores by stripping the marble along each line of holes. 
It. is wise also to dig an occasional trench at right angles to each line 
of core holes so as to expose the marble to some extent along the 
strike. 


ARRANGEMENT OF HOLES TO DETERMINE UNSOUNDNESS. 


A marble deposit in which the color, texture, or other qualities are 
highly satisfactory may nevertheless not warrant commercial de- 


velopment because of joints. Most joints occur in two systems, the 


cracks in each system being approximately parallel with each other, 
and the two systems more or less at right angles. Occasionally more 


_ than two systems are present. The spacing of the cracks 1s subject 


to wide variation in different deposits and even in different parts of 
the same deposit. Near the surface the cracks are usually more 
numerous and more irregular than at depth. Nearly always at least 
two systems of cracks will persist with more or less prominence to 


_ almost any depth to which quarrying operations may be economically 


carried. It is important to determine as early as possible which of 
the cracks that appear at the surface are likely to persist and also 
their nature and spacing in the deeper parts of the deposit. 

Most of the cracks are nearly vertical and also nearly at right 


angles to the bedding of the marble, few cracks deviating from a 
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right angle more than 30°. Hence, a vertical core taken out of 
marble that is rather unsound may reveal the presence of few of the 


cracks. Therefore, a vertical hole is not reliable as a means of esti- — 


mating the unsoundness to be encountered. 

Having determined by any means available the systems of cracks 
that will probably persist at depth, the general compass bearing of 
each system should be determined. A series of core holes approxi- 


mately parallel with the bedding should be laid out, the compass — 


bearing of the core hole being such that it will intersect both systems 
of cracks at approximately the same angle. A core projected in 
such a direction will give a fair estimate of the unsoundness present. 
It also results in an oblique break in the core wherever it crosses a 
crack of either system, and thus makes less likely any grinding of 
the ends of the core sections. The origin of a fracture may be 
determined with reasonable certainty, because a freshly broken 


surface made in sound marble differs materially in its appearance — 


from the surface of a break due to a joint. 

It is important to take cores from near the top, from near the 
middle, and from near the bottom of the deposit, because the un- 
soundness often varies in different beds aswell as in different parts 
of the same bed. 

If the marble deposit stands at a high angle, one set of core holes 
driven in an inclined direction and penetrating from the hanging 
wall to the footwall, or the reverse, can be laid out so as to give 
the information required as to the quality of the stone and also 
the unsoundness. 

It is practically impossible to take out good cores that are repre- 
sentative of the deposit from horizontal drill holes. The core from 
a horizontal hole invariably breaks into short pieces, which grind 
on each other, in spite of the use of the double-core barrel. The 
core hole has to be slightly larger than the outer diameter of the 
core barrel in order to permit the passage of water and slush and 


also to prevent binding of the drill in the hole. As a result the 
progress of the drill brings a considerable weight on the unbroken — 


end of the core, and as soon as the core is a few inches long it breaks 
off. The break occurrs seemingly at the bottom of the hole, the” 
result being that the spring clips on the inner core barrel, which 
are supposed to hold the unbroken end of the core and thereby 
prevent rotation of the inner core barrel, have nothing on which 
to hold. During the time that the drill 1s cutting a little farther in 


and the clips are getting a fresh hold, the inner core barrel rotates 


to a greater or less extent, so that the core ends grind on each other. 
Therefore, if the marble beds he flat or nearly so, unsoundness must 
be prospected for by inclined core holes; otherwise the cores will 
not yield the information desired. 
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ARRANGEMENT OF THE CORES OBTAINED. 


In order to get the fullest information from an inclined core hole 
' the core parts should be matched up from one end to the other, and 
_ placed, a part at a time, on an inclined rack that will hold the 
core in a position parallel with the hole from which it was taken. 
While the core is in this position the compass bearing of the cracks 
and also the angle that they make with the core can easily be deter- 
mined. From this information a plan may be made from which 
the probable percentage of marble unaffected by unsoundness may 
be computed with reasonable accuracy. 

Before an inclined core is started, the first piece should be marked 
so that it can be laid top side up after it has been removed. The 
dip of the core hole should be slightly different from the dip of the 
_ beds so that a streak of color, the grain of the marble, or any other 
_ feature parallel with the bedding will traverse the core ot a slightly 
_ oblique angle. With such a method of drilling, if clean right-angled 
_ breaks occur, one piece of core may easily be matched to the pre- 
ceding piece, and: the prospector may be sure that he has the entire 
core properly matched from one end to the other. 


VALUE OF THE INFORMATION GAINED FROM CORES. 


From a careful study of cores taken out as described above, 
valuable information can be obtained in reference to the unsound- 
ness existing at some depth in the deposit. It will often happen 
that, although the marble appears so broken at the surface that 
- profitable operation seems impossible, investigation with a drill in 
the manner above described will reveal the fact that the cracks close 
and disappear to such an extent that profitable operation may be 
possible after the top rock has been removed. 

A later section discusses the advantages of quarrying in accordance 
with unsoundness, and shows that a knowledge of the extent, direc- 
tion, and character of the unsoundness is important in laying out 
the preliminary opening in order to avoid unnecessary expense. 


COST OF MARBLE PROSPECTING. 


Prospecting as described above is rather costly. The average cost 
of double core-barrel drilling by contract is about $3 per lineal foot. 
If a marble company has sufficient work to justify owning its own 
drills the cost can be considerably reduced. In any case the informa- 
tion desired can not be obtained for less than $5,000 to $20,000. 
Many marble deposits, however, can not be profitably worked except 
on a large scale, so that a considerable outlay made to determine 
whether conditions are favorable is money well expended. 
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coal 


PRESERVATION OF CORES. 


As a rule, drill cores are not preserved with sufficient care by 
quarrymen. They are often carelessly stored, lost, or given away as 
samples. It is important that every part of every drill core be 
carefully marked and stored for future reference. It must not be 
assumed that the value of drill cores disappears after their first 
investigation. They are invaluable records which should be available 
at all times. 


STRIPPING. 
ORDINARY METHODS OF STRIPPING. 


Most marble quarried is of a high grade, and the bulk of rock re- 
moved is small in comparison with the quantity handled in many 
quarries where rock is obtained for cement or road construction. As 
a consequence the area stripped is usually not great enough to justify 
the use of steam shovels. 

When the surface of a deposit is fairly level, teams and scrapers 
may be used to advantage. Usually, however, the overburden of 
soil is so placed that it must be removed by means of large pans which 
are loaded by hand, and handled with a derrick hoist. In order to 
remove the soil to a sufficient distance from the excavation, cars and 
tracks may benecessary. A serviceable car for this purpose is shown in 
PlateIII, A. Theloaded panis placed on the car by means of the quarry 
derrick. Horizontal iron bars on the undersurface of the pan are 
placed in the iron sockets of the car. These trunnions are so placed 
that a little more than half the weight of the load is toward the rear 
end of the car. When the car reaches its destination, the back of 
the pan is raised, thus overbalancing the load, and dumping it from 
the front of the car. Where soil must be removed to a great distance, 
the loaded pan may be dumped into railroad or cable cars. 


INSUFFICIENT REMOVAL OF STRIPPING. 


A common mistake in the process of stripping is to remove the soil 
and waste to an insufficient distance from the excavation. The 
desire to attain quick results at small expense, and lack of foresight - 
regarding the probable extent of future operations are the chief 
causes of insufficient removal, As a consequence, quarrymen may find 
after a few years’ operation that they must handle material a second 
time, thus adding greatly to the expense of quarrying. The exten- 
sive marble workings of Italy, in the neighborhood of Carrara, Massa, 
and Seravezza, are greatly hampered by accumulations of rubbish 
which have buried vast quantities of good marble. The market 
price is too low to allow the removal of this débris. 
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Lack of foresight is also shown at some quarries where quarrymen 
dump their waste material into abandoned excavations. This pro- 
cedure may be justifiable if there is no probability that the pit may ever 
be reopened. The practice has been observed, however, in places 
where it seemed that greater success would have been attained by 
going deeper in the old pits than by making new ones. 


WASTE HEAPS IMPEDING FUTURE DEVELOPMENT. 


Another mistake in the disposition of waste material is due to the 
inability of the operator to foresee the direction in which future 
operations will extend his quarry. As regards steeply tilted beds, it 
is obvious that if excessive depth is to be avoided development can 
take place only in the direction of strike. Nevertheless, at certain 
quarries of this type observed, stripping has been deposited directly 
In line with the strike of the beds, and thus an extension of the quarry 
excavation must soon overtake a great heap of accumulated débris. 


USE OF OVERHEAD CABLEWAY HOISTS. 


For the removal of both soil and waste rock to a sufficient distance 
to avoid interference with future operations an overhead cableway 
hoist may be desirable. At one quarry at which such a cableway is 
used the hoist engine is mounted on a truck that travels on a curved 
track. It can thus be shifted to strip in different places. Where 
difficulties are in the way of removal of stripping by derrick or car, 
- the advisability of adopting a cableway system may be considered. 


HYDRAULIC STRIPPING. 


Hydraulic stripping is employed with success in several marble 
quarries. There are certain conditions, however, that must be met 
in order that hydraulic stripping may be successful or even possible. 
Two important conditions are an adequate water supply and easy 
drainage. If the water supply is obtained from drilled wells or small 
streams that may go dry, the process will probably fail. 

The soil removed by hydraulic stripping may be disposed of in 
several ways. It may be carried away in a stream valley and-depos- 
ited naturally at various points along the course of the stream. In 
some places, however, the deposition of the soil along the stream 
valley would be detrimental to agriculture or to other interests. In 
that event, a dam may be built forming a settling basin. In certain 
operations, surface soil is conveyed to abandoned quarry pits. With 
such disposal surface drainage is also necessary in order to get rid of 
accumulated water. Also one must be sure that there will be no 
future desirability of reopening the pit, as reopening would not be 
feasible after the pit was once filled with soil. 


ad 
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In certain quarries in Georgia, the good marble is underlaid by 
a hornblende rock. When in the process of quarrying the hornblende | 
rock is reached, the pit is abandoned, and can then be used as a set- 
tling basin in the process of hydraulic stripping. 

Those who have had experience in hydraulic stripping estimate 
that the cost of soil removal by that method may be as low as 2 
cents per cubic yard. 


GENERAL PLAN OF QUARRYING. 
PRODUCTION OF UNIFORM GRADES OF MARBLE DESIRABLE. 


Success in marble quarrying necessitates an adequate supply of 
uniform material. The inherent qualities of certain marbles win 
immediate popularity. With other types it has been found that by 
profusely scattering samples and following them with structures in 
various localities, public taste may be educated to demand a certain 
type of marble. It is most discouraging for a quarryman who has 
won popular favor to find that he can no longer match his samples 
because of failure of the deposit. The desirable bed may have 
pinched out, or insufficient production may be due to the operator’s 
inability to foresee the general plan of quarry development that ought 
to have been followed. If the desirable bed lies flat and near the sur- 
face, extensive stripping is necessary. If the bed is inclined and the 
overlying beds are too unsound to permit tunneling, quarrying must 
follow along the strike of the beds, also demanding extensive stripping. 
If in either instance the cost of stripping is excessive, the quarrying 
of the bed must be abandoned. 


FACTORS GOVERNING PLAN OF DEVELOPMENT. 


The most successful mode of operation can not always be foreseen. 
Certain geologic factors, however, may give information pointing to 
the most logical method of developing the deposit. Three chief fac- 
tors are the attitude of the beds, the depth of overburden, and the 
uniformity of the product in a given bed and in successive beds, and 
these three factors are intimately related. Before operations are be- 
gun the intelligent prospector will determine, in a general way at least, 
the necessary depth of stripping, the dip, and the strike of the beds, 
and the uniformity of the marble, so that he may plan a logical 
quarry development. The influence of the various factors on the 
plan of operation is discussed in the following paragraphs. 


EFFECT OF ATTITUDE OF BEDS ON PLAN OF QUARRYING. 


Most marble beds are situated in regions of extreme folding, and 


most of the beds, although originally flat, are tilted, though afew are — 


level or nearly so. The attitude of the beds is of great importance to 
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the quarryman, especially if the various beds differ from each other 
in texture or color. If beds are inclined at a moderate angle, either 
long shallow quarries or tunnels must be made in order to keep up 
the supply of stone from a particular bed. If the beds are steeply 
inclined or vertical, either long, shallow quarries involving a great 
area of stripping, or deep quarries with their associated dangers and 
expense are necessary. If the strata are flat and the desirable bed is 
near the surface, a wide, shallow quarry results. 

It is clear that if beds lack in uniformity, their attitude has a direct 
bearing on the most desirable plan of quarrying. If, however, the 
bedding is indistinct and a number of contiguous beds are uniform in 
color and texture, as in certain quarries in the Knoxville region of 


Tennessee, the attitude of the beds has a minor influence on the type 


of quarrying to be employed. 
EFFECT OF OVERBURDEN ON PLAN OF QUARRYING. 


If the marble lies in approximately horizontal beds of limited 
thickness, the production of large quantities will necessitate the strip- 
ping of a wide area. If the overburden of soil or superficial waste 
rock is great, the cost of stripping may absorb all profit. If a suffi- 
ciently strong roof is available, extensive stripping may be avoided 
by employing tunnel methods. 

As regards flat-lying, uniform beds of great thickness, a heavy over- 
burden will tend to promote deep quarrying, whereas a light over- 
burden will encourage the development of wider and shallower pits. 

If the beds are vertical or steeply inclined, a heavy overburden 
will result in deep quarrying or tunneling, whereas if only light strip- 
ping is necessary a greater lateral development in the direction of 
the strike is possible. . 


EFFECT OF UNIFORMITY OF PRODUCT ON PLAN OF QUARRYING. 


In a few deposits thick beds are uniform throughout. However, 
in many marble regions a certain bed supplies stone of better quality 


_than the beds above or below it. Obviously it is desirable to develop 


the quarry in such a manner as to obtain a maximum supply of the 
high-grade material. The shape of the opening, whether it shall be 


- deep or shallow, open pit or tunnel, depends chiefly on the attitude 


wa 


of the beds and the depth of stripping required. Thus one may see 
how intimately the three factors of attitude, overburden, and uni- 
formity are related, and how necessary it is that they be understood 
before development is attempted. 
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QUARRY OPERATIONS AND EQUIPMENT. 
POWER PLANTS. 


TYPES EMPLOYED. 


For a discussion of various power plants and their relative advan- 
tages and economies the reader is referred to the work of Brunton and 
Davis.“ On account of the special types of machinery employed in 
marble quarrying, some additional notes bearing particularly on this 
subject are given herein. 

The following types of power plants have been observed in marble 
quarries in the United States: (1) Steam only; (2) steam for chan- 
nelers and tripod drills, with auxiliary air compressor for hand drills; 
(3) compressed air generated by steam and conducted to the quarry 
by pipe line; (4) electricity developed by steam; (5) compressed air 
developed by purchased electric power and transmitted to the quarry 
by pipe line; (6) purchased electricity transmitted directly to the 
quarry; (7) hydroelectric power plants owned and operated by the 
quarry company, the electricity being transmitted directly to quarry 
machinery. 

ADVANTAGES OF ELECTRICITY. 


The superiority of electricity over any other form of power for 
quarry operation has lately been demonstrated. This superiority is 
due chiefly to the recent development of electrically operated machin- 
ery. The electric air channeler which is now in common use con- 
sumes on an average only 10 horsepower. for the machine itself, 
although a 15-horsepower motor is required to drive it. A steam or 
air channeler requires a steam capacity in the boiler that, if applied 
to an economical generating unit, would develop at least 50 to 60 
horsepower. The difference in power consumption between the elec- 
trical and other machines is due partly to differences in transmission 
or transformation losses, and partly to the higher efficiency of elec- 
trical machinery generally. The electric air channeler is, therefore, 
much more economical of power for the same results than the other 
types. 

If the nature of the rock is such that ‘‘jackhamers”’ ” are used in 
lieu of other types for quarry drilling, an air compressor is necessary. — 
Should a direct-acting electric drill be produced that can do the 
work of a jackhammer, compressed-air transmission lines might be 
eliminated from the quarry. Such a drill has not as yet been devel- 
oped, at least not in a practicable form. 

a Brunton, D. W., and Davis, J. A., Safety and efficiency in mine tunneling: Bull. 57, Bureau of Mines, 
1914, 271 pp., 6 pls., 45 figs. : 
b Term applied by the manufacturer toa nonreciprocating rock drill, worked without a tripod, and pro- 


vided with an automatic rotating device, The word is also spelled ‘‘jackhammer” in mining literature. 
It uses hollow steel through which the exhaust air passes and blows the cuttings from the drill hole. 
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Wire is a more convenient means ef transmitting power than pipes 
or hose. Steam requires pipes with flexible jomts for operating 
channeling machines. Steam pipes are often in the way and there 
_is considerable loss of time in adjusting them in proper position. 
Compressed air may be transmitted through flexible hose, which is 
more easily adjusted than steam pipes, but transmission by wire is 
more convenient than either. If quarry operations are carried on 
in tunnels, electricity is especially desirable. A network of pipes is 
always a great hindrance to quarry operations. 

Moreover, with electrical operation, the percentage of loss in trans- 
mission can be determined and kept within small limits. With either 
steam or air there is a continual struggle with leaks, and radiation 
_and transmission losses are usually excessive. 


SOURCE OF ELECTRIC POWER. 


If quarry operations are extensive and sufficient water power is 
within easy distance, it is probable that a hydroelectric plant owned 
and operated by the company is best, although the first cost may 
be high, especially if large dams must be built. 

Uniformity of water supply is an important factor. If, during 
certain seasons, the water supply diminishes and it thus becomes 
necessary to construct auxiliary steam plants or to shut down. oper- 
ations for a part of the season, a hydroelectric plant is of doubtful 
advantage. Moderate variation in supply may be overcome by 
constructing a large reservoir. 

In central Vermont three hydroelectric power plants supply most 
of the power required. Auxiliary steam plants supply additional 
power in times of low water. Transmission lines pass along the 
ereat marble valley for a distance of 62 miles. Power from various 
supply stations is turned into these lines and is drawn off at the 
quarries and mills scattered up and down its length. The power 
line is comparable with a great reservoir, into which water is pumped, 
and from which it is drawn off by pipe ee to_supply various needs. 

A Colorado marble company operates a hydroelectric plant with 
a 380-foot head of water. Pipes are laid up the mountain side and 
intercept streams at a high level. Consequently only small dams 
are required. Under such conditions a power plant can be estab- 
lished with a relatively small outlay of capital. 

If electrical power can be obtained from a power company oper- 
ating large central stations at a cost not exceeding 14 cents per 
kilowatt-hour, it is probably better to purchase power than to 
erect a power plant at the quarry. If there are no available power 
lines, or if electrical power costs on the average more than 14 cents 
per kilowatt-hour, and if the power required is 300 horsepower or 
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more, it will probably be more economical to erect a steam-driven | 
generating plant at the quarry, provided the engine is of the condens- 
ing type. With coal at not more than $3 per ton such a plant 
can be run economically. 

At one quarry where the installation is of 500-kilowatt capacity 
with an average maximum load of 400 kilowatts, diminishing at 
night to 200, the total cost of power delivered on the main bus 
bars of the generating station is less than 1 cent per kilowatt-hour. 
Coal at this point costs a little over $2 a ton. 

The important point is that new quarries should adopt electrical 
operation from the outset if its adoption will be feasible at any 
stage of development. Current should be obtaimed in the most 
economical manner possible. Determination of the proper source 
of power often requires the advice of a consulting electrical and 
mechanical engineer. 


COMPRESSED-AIR AND STEAM EQUIPMENT. 


If for any reason electrical operation is inadvisable, operation by 
compressed air is unquestionably more economical than by steam, 
and vastly more convenient. 

Direct steam power is undesirable on account of the transmission 
losses and the obstruction occasioned by the necessary network of 
pipes along the quarry floor. If steam must be adopted, care should 
be taken to reduce to a minimum the losses due to leakage and 
radiation. | 

As steam pipes are subject to varying temperatures and pressures, 
constant attention is necessary to avoid leakage. Plate III, B, 
shows a typical example of waste by leakage in a quarry transmis- 
sion line. Many quarrymen fail to roalins that money is pouring 
out of these leak holes at an incredibly rapid rate. <A good pipe 
fitter should be on hand to remedy such conditions immediately. 

Serious losses are also caused by radiation of heat from the steam 
pipes and by energy used to overcome the friction of the steam against 
the inner surface of the pipe. Such waste of energy may be mini- 
mized by properly covering the pipes with heat-insulating material. 
A few quarrymen have insulated their transmission pipes, but by 
far the greater majority have, as yet, made no attempt to doso. An 
additional means of reducing loss by condensation is the use of a 
superheater. Steam will not condense until it has lost its superheat, 
and consequently condensation of steam in pipes will not occur as 
long as any of the superheat remains. One degree of superheat is 
commonly conceded to carry steam 10 feet, but of course the net 
result depends on the diameter of the pipe and the condition of the 
insulation. If the factor mentioned be assumed, it may be con- 
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cluded that if steam is to be conveyed 1,000 feet 100 degrees should 


be added to its temperature in order that no condensation shall take 


place. In order to avoid as much as possible of this loss by con- 


-densation, the power plant should be situated close to the excavation. 


If quarrymen could see the combined loss by leakage and radiation 
for a given period converted into a pile of coal they would realize that 
the less assumes alarming proportions. One southern quarry com- 
pany, using a battery of four 300-horsepower boilers, found by prac- 
tical test that on a day of average temperature the full energy devel- 
oped by one boiler was required to maintain the necessary steam 
pressure when no work was being done. 

In old installations now operating with steam or compressed air 
any changes or additions ought to be determined with a view to the 
ultimate electrification of the entire plant. Neglect of this precau- 
tion may finally bring the operating company to a position where it 
can not compete with other companies that have electrified their 
plants. 

CHANNELING. 


CHANNELING MACHINES. 


Sullivan, Ingersoll-Rand, and Wardwell channeling machines are 
all used, and each type has its special advocates. For steam opera- 
tion the Sullivan machine seems to be the favorite, whereas the 
Ingersoll electric air type is the favorite in quarries having direct 
electric connection. 

The most suitable Sullivan machine for marble quarrying is prob- 
ably the double-swivel channeler which can be used for straight 
vertical cuts, for undercutting, or for cutting out corners. A few 


- quarries, in which operations arescattered over a wide area and in which 


electricity is not used, employ Sullivan machines with portable boil- 
ers attached.’ One Georgia company operates Sullivan ‘‘duplex” 
channelers, consisting of two machines on a single truck working in 
the same channel, as illustrated in Plate IV. For long cuts such 
channelers are undoubtedly advantageous, as one operator can 
manage two machines. For small quarries where the cuts are short 
and many corners must be cut one machine would probably be idle 
so great a share of the time that the advantage would be doubtful. 
These machines are commonly termed ‘‘double headers” to dis- 
tinguish them from the Wardwell ‘‘duplex” channelers. 

The electric air channeler is self-contained, all the mechanism being 
on the channeler truck. The air is compressed by a motor-driven 
“pulsator.” The air is never exhausted into the open but is simply 
driven back and forth under pressure in a closed circuit. The 
machine may be used for vertical, inclined, or horizontal channeling. 
The roll guides between which the channel bits run are effective for 
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horizontal or inclined cuts. It is better balanced than most machines 
for cutting along the lower side of an inclined track. 

It is claimed by some quarrymen that the electric air channeler will 
cut at least 10 per cent more than steam or air machines if all are 
equally well handled. This superiority is not due to the fact that the 
electric air channeler cuts faster while it is cutting, but there are fewer 
and shorter interruptions for adjustment, setting up, etc., so that a 
higher time efficiency is obtainable. Cables and wires are more 
quickly adjusted, are less in the way, and are more easily handled than 
steam pipes or hose. Also, many quarrymen think the electric air 
channeler is the most economical in power consumption of any 
machine yet devised. 

The Wardwell ‘duplex’? channeler cuts two parallel channels at 
the same time. On a level floor and with sound stock it gives good 
service. As pointed out later, in quarrying unsound stock it is some- 
times desirable to vary the spacing of the channel cuts in order to 
make them coincide with joints. With the Wardwell machine such 
variation would not be possible, and in consequence it is not well 
suited for working in unsound marble. One company has success- 
fully adapted this machine to electric operation. 

Experiments in one company’s quarries in North Carolina indicate 
that in channeling hard marble, light and rapid blows are more 
effective than slower and heavier ones. The change from heavy to- 
light blows can be made in most machines by changing the stroke. 


CHANNELING IN RELATION TO BEDDING. 
INFLUENCE OF ATTITUDE OF MARBLE BEDS ON CHANNELING. 


Most marble deposits occur in regions where great folding and — 
contortion of the rock has taken place as a result of tremendous geo- 
logic forces. The original flat-lying beds may be tilted at all angles. 
This condition greatly complicates the process of quarrying. In 
numerous instances the beds are separated by open fissures which 
demand a process of cutting in conformity with them. In other 
quarries the beds may exhibit no planes of separation. A distribution 
of color or impurities parallel with the bedding may, however, con- 
stitute factors of equal importance in their influence upon the plan 
of rock removal. 

If conditions are at all favorable, it is desirable to maintain a level 
quarry floor. Conditions may be such, however, that efficiency in 
quarry operation or reduction in the proportion of waste may demand 
that quarrying be conducted on an inclined floor. No absolute rules 
can be given, for, as pointed out later, the nature of the product and 
the uses for which it is to be employed have a direct influence on the 
most feasible quarry method. 
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LEVEL-FLOOR CHANNELING. 


Figure 5, A, shows uniform rock with no open bedding planes and no 
decided rift. The beds may be horizontal, vertical, or inclined. 
This condition prevails in some of the Tennessee quarries. The bed- 
ding is so indistinct that it can be recognized only by the characteristic 
“crow feet,’’ as otherwise the rock is uniform throughout. Under 
such favorable conditions, channeling may be carried on with a level 
floor, whatever the atti- 
tude of the beds may be. 

Figure 5, B, shows 
marble with open bedding 
planes, the beds being 
either horizontal or verti- A 
cal. In either case a level | 
quarry floor may be main- 
tained. 


SAW-TOOTH FLOOR CHANNELING. 


Figure 5, C, illustrates 
open marble beds, inclined 
at an angle less than 45°, 
such as are worked in a 
number of Tennessee, Ala- 
bama, and Vermont quar- 
ries. Jt is customary in 
some of the quarries to 
excavate right-angled 
blocks and to remove a 
row of blocks from each 
successive bed, resulting 


in the formation of a saw- _—*Ficure 5.—Proper positions of channeling machine tracks 

: for beds of different inclinations. A, horizontal,vertical, or 
tooth quarry floor as illus- inclined beds that have no open bedding planes or decided 
trated in fi gure 6. rift; B, horizontal or vertical beds separated by open bed- 
ding planes; C, open beds inclined at an angle less than 45°. 





In quarrying a saw- 
_ tooth floor the channeling-machine track is supported by timbers 
as shown in Plate III, C. The disadvantages of such a method 
are well known to many quarrymen, but are accepted as inevitable 
because no better method has appealed to them. The disadvan- 
tages may be enumerated, as follows: (1) The construction of 
supports to hold a track in a horizontal position, perhaps 6 or 8 
feet above a slanting rock surface, requires considerable timber 
and many hours of labor, part of which is done by skilled men. 
(2) There is a great loss of time in starting and straightening channel 
cuts. The machine is so high above most of the rock surface 
that the channel bits, no matter how tightly ‘they are clamped, 
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swing to one side or spring when they strike the rock, so that starting | 


or maintaining a straight cut is difficult. In practice the helper gen- 
erally takes a hand tool and hammer and starts the cut. After a 
little progress with the machine further delay may be necessary 
to straighten the cut. Altogether much time may be lost before the 
machine may be worked continuously. (8) If the rock has a steep 
dip a short length of track only may be set up, usually resulting in 
loss of efficiency. In general, operations on a small scale are less 
economical than those on a large scale. A short channel cut is 
more expensive per square foot than a long one under similar condi- 
tions. (4) On account of the rapidly increasing height of the track 
above the rock surface as the machine travels in the direction of dip, 
one length of steel can be used over a small part of the course only, 
and hence short cuts with frequent changes of steel are necessary. 
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FIGURE 6.—A “saw-tooth’’ quarry floor. 


(5) The necessity of cutting out numerous corners may increase the 
proportion of lost time. 


INCLINED-TRACK CHANNELING. 


An improved method of quarrying on an inclined floor is to place 
the channeling-machine track on the inclined rock surface in the 
direction of the dip. If the floor is of the saw-tooth type, the upper 
beds should be worked down successively until a large area of rock 
surface is obtamed parallel with the open beds, as illustrated in 
figure 7. The force of gravity, which would cause the channeling 
machine to run too rapidly down the grade and probably entirely 
prevent its ascent 1s overcome by the use of a balance car or balance 
weight. The balance car may be placed on a parallel inclined track 
and loaded with enough stone or iron bars to exactly counterbalance 
the weight of the channeling machine, to which it is attached by 
means of a cable running over a sheave. The sheave is attached to 


Wy 








balance car. 


fied success. One Alabama 
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the upper end of the track. This method is oes with success in 
several Vermont quarries. 

A second method is to place the balance-car track on a slanting 
unused part of the quarry. Though requiring a long cable attach- 
ment the plan works well, and is used successfully in Alabama. 
There is a considerable saving of time and expense in having a per- 


manent balance-car track. 


A third device, which must be arranged with special care in order 
to avoid the danger of accident, is a counterbalance weight attached 
to a cable that passes over a sheave in the tunnel ceiling. 

For light grades a hill-climbing device observed on some machines 


_ gives satisfaction. It consists of a cable that passes over a sheave 


at the upper extremity of the track and winds on drums on the truck 


axles. The device prevents the machine from slipping, but does not 


equalize the load like the 


HIGH EFFICIENCY OF INCLINED- 
TRACK CHANNELING. 


Quarrymen who have 
not had the experience 
may doubt the success of 
inclined channeling. How- 
ever, many who have tried 


it have met with unquali- FIGURE 7.—Manner in which an inclined floor may be devel- 
oped from a “saw-tooth’’ floor. 





company claims that channeling on a floor parallel with bedding that 
dips about 33° has resulted in a 50 per cent increase in efficiency 
over the saw-tooth method of operation. 

In this connection the following quarry report of a company oper- 
ating in Quebec, Canada, is of interest: 


Monthly channeling report covering work of day gang in a Quebec quarry. 














: Marble Time in Time Time under| Time shut 
Machine No. excavated. | operation. | moving. repair. down. 
Square feet.| Hours. Hours. Hours. Hours. 
NN Fe A. ee Seen g bien 529.6 139.5 44.5 34 31 
ol Se ae eee 613.0 157 31 31 32 
ee dens eb ae 695.5 208.5 DOSS haste ee 29 
RE Fo ert use angion ohakee (i225 187 23.5 18.5 24 
oo ee 1,355.1 178 44 8 23 














The good showing of machine 9 is the notable feature of this report. 
Machines 3, 5, 7, and 8 were operated on level elevated tracks on a 
saw-tooth floor. Machine 9 ran on an inclined track with a balance 
car. The average month’s cutting per machine by the saw-tooth 
method was 637.6 square feet, whereas the one machine with the 
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balance car cut more than double that amount. Such figures offer — 
convincing proof of the efficiency of inclined channeling. 

With many quarrymen the physical difficulties of moving and oper- 
ating machinery on inclined floors constitute sufficient cause for 
rejecting the method. However, it has been found that when men 
become accustomed to the new methods they work with the same 
facility as on level floors, and may even prefer the changed condi- 
tions. Methods of employing cables, snatch blocks, and hoists for 
handling heavy machinery are quickly devised by intelligent foremen. 
In one Vermont quarry inclined channeling is conducted successfully 
on a floor slanting 45°. The cost of channeling is approximately 14 
per cent greater than on a level floor, and the cost of other operations 
shows a small increase. 

When channeling machines are being operated on inclined tracks, 
no scaffolding is required. The tracks are placed flat on the rock 
surface with little more expense than when placed on a level floor. 
Much time is saved in the process of starting and straightening cuts, 
the field of operations need not be limited by short tracks, and the 
work is not interrupted by frequent changes of steel. 

Plate V, A, shows a marble quarry with open beds dipping 24° to 
28°. The present method is to channel in short cuts with the chan- 
neling machines working on tracks supported in level position. The 
inclined floor shown in the plate has an area of about 4,000 square 
feet which is sufficient to warrant the use of the inclined track and 
the balance car. 

Even if conditions seem unfavorable the inclined-track method may 
prove to be the more economical. In one quarry observed the struc- 
ture is a low anticline or arch, and the open bedding planes dip west- 
ward in the western part of the quarry, maintain an approximately 
horizontal position near the center, and dip eastward in the eastern 
part. The rock is now quarried on a level floor with the production 
of a large number of angular blocks. It is probable that the main- 
tenance of a quarry floor parallel with the bedding, even though it 
involved varying angles of inclination in different parts of the quarry, 
would give better results. 


INCLINED-TRACK CHANNELING ACROSS BEDS. 


* Figure 8, A, illustrates open marble beds dipping at an angle greater 
than 45°. In order that right-angled blocks may be obtained with- 
out a saw-tooth floor, the obvious method of channeling is to make 
the floor perpendicular to the beds as indicated in the figure. Such 
a method has not been observed in any American quarry, though it 
should be successful, 
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PLATE V 





A. A QUARRY FLOOR SUITABLE FOR INCLINED-TRACK CHANNELING. 





C. CHANNELING DIAGONALLY ON A QUARRY FLOOR INCLINED 36°, A BALANCE CAR IS 
USED TO COUNTERACT THE EFFECT OF GRAVITY. QUARRY AT GANTTS QUARRY, ALA. 


a 
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INFLUENCE OF RIFT OR COLOR BANDS ON CHANNELING, 


Figure 8, B, illustrates marble beds dipping at an angle of less than 
45° but with no open bedding planes. They are assumed to have, 
however, parallel with the bedding, a series of color bands or streaks 
of impurities or a decided rift, or the successive beds are of varying 
quality. The most desirable development of such beds is more com- 
plicated. 
If, for artistic effect, it may seem desirable to have the color bands 
pass diagonally through the blocks, it may be advisable to excavate 
right-angled blocks on a level floor. Ordinarily, however, a proper 
classification of material would demand that the marble be split par- 
allel with the bed, also if the material is uniform in quality, and 
possesses a ferided rift, it can be worked more easily parallel with 
the bedding. 
_ Figure 8, C, illustrates beds having rift, impurities, or color bands 
as represented in the beds shown in figure 8, B, but with the beds 





__ FIGURE 8.—Proper positions of channeling machine tracks for beds of different inclinations. A, open 
_ beds inclining at an angle greater than 45°; B, nonuniform beds inclining at an angle less than 45°; C, non- 
/ uniform beds inclining at an angle greater than 45°. 


| dipping at an angle greater than 45°. In developing such beds, if 
‘it seems advisable to use inclined channeling, the floor should be 
jt ent angles to the beds rather than parallel with them. 


WASTE DUE TO ACUTE-ANGLED BLOCKS. 


| \ 

| If steeply inclined marble beds are channeled on a level floor, and 

‘the cross breaks or cross channel cuts are made parallel Pil the 
bedding, acute-angled blocks will result, as is illustrated in Plate V, 
B. A complete discussion of the conditions under which such blocks 
‘May or may not be quarried economically is given in a later section 
dealing with the problem of waste. As pointed out in that section, 
‘if thin stock is desired, the waste resulting from. acute-angled Bice 
|may not be excessive. Saw gangs require longer blades however, 

| and when longer blades are used the tendency toward unevenness in 


| 
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the cuts is increased. If much cubic stock is desired undoubtedly it 
is more economical to quarry on a slanting floor parallel with the 


beds. 


EXAMPLE OF Ee CHANNELING. 


A large tunneled quarry operated in Vermont furnishes a good 
illustration of quarrying in conformity with bedding, and a detailed 
description of the various processes may be instructive. 


Near the top of the quarry the beds dip about 70° east. At a 


depth of 50 or 60 feet, they curve back and dip west, and lower down 
again dip to the east, the angle of dip decreasing to about 30° near 
the bottom of the quarry. There are few open bedding planes. 
The excavation is about 300 feet deep, and long tunnels are driven in 
the direction of the strike. 

Gray or variously colored bands occur at intervals, marking off 
distinct beds. The beds vary greatly in quality, some being almost 


pure white, and others gray, wavy, or banded. The various beds 


are named, and the characteristics and qualities are well known to — 


the foremen. 


In the upper part of the quarry, where the dip of the beds is steep, 


a level quarry floor is maintained. According to the rules given 
above, the quarry floor in this part of the quarry should be inclined 
to cut across the beds at right angles and thus avoid the production 
of acute-angled blocks. In this particular place, however, a level 


floor is preferable. As mentioned above, the beds near the top of — 


the quarry dip to the east, at a lower level are vertical, and at still 
ereater depth dip west. If the floor were to be maintained at right 
angles to the bedding the condition described would necessitate a 
constantly changing floor level, Ce in the production of many 
angular blocks. 

Except for wall cuts, channels are made in one direction only—at 
right angles to the strike. The long masses of rock thus obtained are 


divided into small blocks by wedging in drill holes, projected in rows. 


parallel with the bedding, as shown in Plate V, B. Effort is made 
to so place the holes that each block is of uniform quality. 


Near the bottom of the quarry, where the dip of the beds is 45° or ~ 


less, the quarry floor is maintained parallel with the bedding. A 
balance car on a parallel track is employed to overcome the effect of 
eravity, and thus permit the channeling machine to operate with 
the same motive power as on a level track. 

The depth of the channel is governed by the position of those 
natural lines of separation that mark out a definite change in the 
quality of the rock. The channel cut may pass through one or two 
of these lines of division, but is always terminated by one of them. 
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If no open bedding planes appear, each of the bands of uniform ma- 
terial may, for convenience, be designated as a bed. The method of 
determining when the bottom of a bed is reached is of interest. The 
channeling machine, when running in its ordinary vertical manner, 
continually loses space at the end of its run, leaving a slanting end. 
Water is poured down this inclined end in order to wash it clean, and 
an incandescent light with a specially flattened bulb is let down. By 
this means, one who is thoroughly familiar with the rock may identify 
at a depth of 10 to 12 feet the bands that separate the various beds. 

When drilling or channeling is done at right angles to the quarry 
floor, right-angled blocks are obtained. By working thus on an 
inclined floor, blocks of economical form are produced, and an exact 


- classification of the product is made possible. 


INFLUENCE OF DIP AND STRIKE ON DIRECTION OF CHANNEL CUTS. 


The influence of bedding on the attitude of the quarry floor has 


been discussed in detail. The influence of dip and strike on the 


direction of the channel cuts is also of great importance. If vertical 
channel cuts make oblique angles with the strike of a marble deposit 
in which separation of blocks must be made along the planes of 
steeply dipping beds, it is obvious that blocks having too much of an 
acute angle will result. It is generally more convenient and more 
economical to make channel cuts parallel with the strike. Exception 
may be made if pronounced joint systems meet the strike of the rock 
at oblique angles. Under such circumstances channeling parallel 
with the joints rather than with the strike is justifiable. However, 
an inclined floor should be maintained, and the cuts should be at 
right angles to the floor in order that rectangular blocks may be 
produced. 


CHANNELING IN RELATION TO UNSOUNDNESS. 


CHANNELING PARALLEL WITH JOINT SYSTEMS. 


In a previous section (pp. 22—29) a discussion is given of the causes 


of unsoundness and of the various forms in which it appears. The 


most important feature of joints in relation to channeling is their 


_ occurrence in more or less definite systems. The importance of 


recognizing such systems and quarrying in accordance with them 


can scarcely be overestimated. In quarries in which joints are 
_ prominent the quarrymen should endeavor to make their channel 
cuts parallel with the chief joint systems. Blocks that are inter- 
_ sected by oblique joints are almost useless. If, on the other hand, 


the joints parallel one pair of faces, the waste is greatly reduced. 
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CHANNELING COINCIDENT WITH JOINTS. 


Paralleling the joint system is only one step in economical channel- 
ing. If it be assumed that the joints intersecting the blocks are 
parallel with one pair of faces, considerable waste may still result. If 
saw cuts are made parallel with the jomts, two or three slabs only 
may be wasted. Usually, however, joints cut across the grain and 
slabs are cut parallel with the grain. Asingle joint, therefore, will in- 
tersect every slab. Consequently, economy demands that channel cuts 
not only run parallel to joints, but that they be spaced in such a manner 
as to reduce to aminimum 
the number of joints con- 
tained within the blocks. 
In other words, whenever 
possible the channel cuts 
should coincide with joints. 
If joints are spaced at ir- 
regular intervals, channel 
cuts should be spaced in 
the same way. It is un- 
reasonable to maintain 
that the production of 
blocks varying in size is 
undesirable. The pres- 
ence of irregularly spaced 
joints will not permit the 
quarrying of uniform 
sound blocks, and it is 


FicuRE 9.—The right and the wrong way ofchannelingunsound elear that in the shaping 
marble: a, Channel cuts equally spaced, involving waste; }, f t ‘| ‘4 5 
channel cuts made coincident with joints, avoiding waste. 0 any structura ne 


sound blocks of various 
sizes will cut to better advantage than unsound blocks of uni- 
form size. 

The advantage of eliminating joints by channeling coincident 
with them is illustrated in figure 9. Six unequally spaced joints are 
shown in an approximately parallel system. In the figure @ repre- 
sents equal spacing of channel cuts without regard to unsoundness. 
Of the four blocks that result, one is intersected by one joint and 
another by two joints, and two blocks are sound. At 6 is shown 
spacing varied in such a manner as to make the channel cuts fall on 
the joints. As a consequence one small block is intersected by a 
joint, and three blocks, one of which is exceptionally large, are sound. 
A judicious spacing of ae cuts may thus tend to produce a lare@ 
proportion of sound stock. 
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ECONOMY OF CHANNELING IN ACCORDANCE. WITH UNSOUNDNESS. 


Figure 10 shows the economy of channeling in accordance with 
unsoundness. ‘Two right-angled systems of unequally spaced joints 
-areshown. ‘They are identical in both parts of the figure. As shown 
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‘Ficure 10.—The economy of channeling in accordance wich joint systems: A, Plan of channeling with- 
out reference to directionor spacing of the joints, involving great waste of marble blocks; B, plan cf chan- 
neling in which channel cuts are made parallel with, and as far as possible coincident with, joints, avoiding 
waste of blocks. 

in figure 10, A, the channel cuts make oblique angles with the joint 
systems. The channel cuts are spaced regularly in both directions 
without regard to unsoundness. As a consequence, every block 
quarried is intersected by one or more joints. 
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Figure 10, B, illustrates the remarkable improvement that results 
from changing the direction of channel cuts to parallel the joints, 


and from varying the spacing of the cuts so that they fall exactly 
on the joints. Of the 10 blocks that will be produced 8 will be sound 
and 2 will have two parallel joints close to one side. The advantage 
of cutting out blocks in accordance with unsoundness is so apparent 
that it is remarkable how few quarrymen have made practical appli- 
cation of the principle. | 


UTILIZATION OF JOINTS FOR MAKING CROSS BREAKS. 


Channeling may be done in one direction only, the cross breaks 
being made by some other means, or the rock may be channeled in 
two directions. In many marble deposits, one system of joints is 


pronounced, and cross joints are few in number. Under such con- | 


ditions, it is wise to channel in one direction only, at right angles 
to the chief joint system. Advantage may thus be taken of the 
joints in making cross breaks. A long mass of marble can be chan- 
neled at the back and ends, and wedged up at the floor until it is free. 
The wedges near one end may then be driven hard and the others 
left untouched, producing a bending strain which may be sufficient 
to cause the mass to break at one of the joints, which is a plane of 
weakness. Heavy wedging at both ends, the middle wedges being 
left untouched, may be even more effective. 


AN ILLUSTRATION OF CHANNELING IN ACCORDANCE WITH UIWSOUNDNESS. 


An excellent illustration of a modification of channeling directions 
to parallel strike, dip, and unsoundness is to be found in a certain 
quarry in Vermont. One channel cut parallels the strike, which is 
N. 5° W. The beds dip about 70° to the east, and, on account of a 
ereen banding parallel with the bedding, the proper classification of 
the material and the production of attractive patterns in the banding 
demands that the channel cuts be inclined to parallel the beds. A 
remarkable system of parallel open joints (see fig. 2, p. 26) intersects 
a limited part of the quarry. The joints run N. 82° E. and dip 61° 
N. ‘The second channel cut is made parallel with these joints. Thus 
the channel cuts meet at an angle of 87°, and are both inclined from 
the vertical. The maintenance of a level quarry floor is justified by 
the fact that such conditions prevail over part of the quarry only. 
By thus quarrying in accordance with rock structures, sound blocks 
with a desirable color distribution are obtained. 

A short distance north of this quarry is another, which is now about 


Be 


50 feet deep. The system of joints referred to hee does not appear — 


as yet in the excavation. As the joints dip 61° N., it is an easy matter 
to determine the point at which, with continued excavation, they 
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may be expected to appear. The present plan of quarrying is to 
channel vertically at right angles to the strike, and to make the cross 
breaks by wedging in faull holes parallel ath the bedding. When 
the zone of parallel joints is reached, a modification of the method 
will be justified. 


A PROPOSED IMPROVEMENT IN QUARRY METHODS. 


As another illustration of quarrying in conformity with unsound- 
ness, reference may be made to a certain marble quarry in which a 
change of plan is contemplated. The prevailing joints run north 
and south, and a second series of joints filled with crystalline calcite, 
known locally as ‘‘glass seams,’’ run east and west. 

The walls of the present excavation run approximately northeast 
and northwest. Thus a majority of the joints intersect blocks diago- 
nally. When the present excavation is extended it is proposed to 
make the cuts in north-south and east-west directions, and thus 
_ parallel the chief rock structures. 


INDISTINCT JOINTS AND JOINT SYSTEMS. 


In the preceding paragraphs reference has been made only to those 
joints or jomt systems that are easily recognizable. In quarries in 
which joint systems are obscure, the problem of economic screeds 
is more difficult. 

The difficulty of recognizing joint systems is due to two main 
causes. The joints may be rather easily seen, but so irregular and 
intersecting at so many angles that system seems to be absent, or 
they may be so indistinct that only skilled men with long practice 
can recognize them in the quarry. When joints are both indistinct 
and irregular the problem is complex. 


HOW TO DEAL WITH COMPLEX JOINTING. 


A desirable method of approaching such a complex problem can 
be best appreciated by consideration of a concrete example. The 
operations of an Alabama marble company offer one of the best illus- 
trations obtainable of the means that may be employed to discover 
systems of unsoundness and of how quarry methods may be modified 
later in accordance with these systems. 

The quarry operations are greatly hampered by the presence of — 
cracks that are locally termed ‘‘headers,”’ many of which are almost 
unrecognizable in the quarry. However, when the blocks are sawn 
they cause the resulting thin slabs to break into small and angular 
pieces, many of which can not be used. So serious was this diffi- 
culty that profitable operation seemed impossible. 
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The marble was first quarried on a saw-tooth floor parallel witl} 
and at right angles to the strike. The beds dip about 33°. Block 
were intersected by joints and also by mica bands which run paralle 
to the bedding, and the waste was excessive. The proportion o| 
sound stock was increased to some extent by quarrying on an incline« 
floor parallel with the bedding. Even with this improvement thi 
presence of many ‘‘headers”’ intersecting the blocks obliquely resulte« 
in great waste. 

In an attempt to further overcome the difficulty the quarry floo| 
was laid out in sections, and the marble blocks as they were quarrie«| 
were all so numbered and oriented that the section to which the 
belonged and their exact position in the section could be determined} 
The visible ‘‘headers’’ were located accurately, and diagrams wer 
made showing their position. The ‘‘headers” that could not bi 
located in the quarry were found in the slabs after the blocks hax 
been sawed. As every block had been oriented and as the origina| 
position of the slab was known, reference of the slab to its origina) 
position in the quarry indicated the point at which the joint mus| 
cut the quarry wall. As it was known that the joints must be pres| 
ent at certain points, diligent search was made to find evidences 0} 
them on the quarry walls. Only persons skilled insuch observation 
through long practice can recognize obscure joints. In the quarry} 
under diseussion one efficient quarryman is detailed for the expresi) 
purpose of finding and marking them on the quarry walls anc 
floors. | 

The information thus obtained was supplemented by study of ¢ 
drill core obtained by projecting a hole down the dip with a doubl} 
core-barrel drill. A diagram of all the ‘‘headers” thus discoverec| 
on one of the most unsound floors is shown in figure 11. As may bé 
seen from this figure, the joints in general follow two distinct systems| 
These two sets of joints have for convenience been designated x crack:| 
and y cracks. The general direction of the 2 cracks is S. 80° E) 
They are distinctly visible, regular, and sufficiently far apart tc 
allow the production of fair-sized blocks. They are all norma) 
faults, having a slip of less than 1 inch. The y cracks are those 
mentioned above as being very indistinct. Their direction is N. 24° 
K. They are closely spaced, branching, and fade out and reappeal 
irregularly. They are not faulted, or at least there is no apparent 
slip. They occur in zones about 50 feet wide, and these are followed 
by zones 60 feet or more in width in which the y cracks are absent| 
or few in number. : 

In addition to the z and y cracks there is a series termed ‘‘slick' 
seams,’ which run in the direction of the dip. They are probably 
caused by expansion and contraction from solar heat. They disap- 
pear at a depth of about 75 feet. A few joints are noted in the direc- 
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tion N. 82° EB. The strike of the rock is N. 46° E., and the dip aver- 
ages about 33° SE. 

As indicated in figure 11, the two main systems—the z and the y 
cracks—are 76° apart, and the x cracks make an angle of about 54° 
with the strike. 

With this arrangement of headers, four plans of channeling were 
possible, as follows: 

(1) Channels parallel with and at right angles to the strike. 
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FIGURE 11.—Diagram of joint systems in one bed of an Alabama marble quarry. 


(3) Channels parallel with and at right angles to the x cracks. 
(4) Channels parallel to the z and y cracks. 
Worked out mathematically, plan 4 is the best, but only slightly 
better than plan 3. Where quarrying is now carried on, the y cracks 
are not abundant, and plan 3 is now followed. If the y cracks become 
“more numerous with further development, plan 4 may be adopted. 


| 
; 
| 
: (2) Channels parallel with and at right angles to the y cracks. 
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The conditions prevailing on this floor were exceptionally bad. 
With the most economical methods only 15 per cent of the marble — 
quarried was in sound blocks. On the next floor below 30 per cent 
was sound, and on the third floor 85 per cent. Quarrying parallel ) 
with and at right angles to the strike on the floor mapped would give 
no sound blocks, and probably few would result from a similar 3 
method on the isa floors. | 

It is established beyond question, therefore, that the sitet eco- | 
nomical method of quarrying in this deposit is to channel diagonally 
on a slanting floor. To quarrymen who would hesitate at quarrying ~ 
on an inclined floor under favorable conditions such a method must — 
seem impractical. However, its success in this particular quarry is © 
assured. Although the difficulty of operation is undoubtedly great, 
the advantages more than offset the increased cost per square foot | 
of channeling. Plate V, C, ulustrates a channeling machine operating — 
on a track placed diagonally on an inclined floor. 

The conditions in the quarry mentioned above are about the 
most complicated that can occur, as the joints are not only seemingly ~ 
irregular, but many of them are indistinet: If the most complicated 
conditions can thus be handled satisfactorily simpler problems should 
be comparatively easy of solution. 


CUTTING WITH UNSOUNDNESS IN TENNESSEE QUARRIES. 


In some of the Tennessee quarries there are distinct joints known 
as “‘cutters,” and other cracks which are indistinct, appearing as 
fine white lines. The latter are known as hair lines. Though the — 
hair lines are difficult to recognize in blocks or in the quarry, thin slabs 
break readily along these planes. 

In some quarries the distinct cutters show a prevailing system and 
the hair lines a second system nearly at right angles to the former. 
Under such conditions the rock may be quarried to advantage if the 
cracks are not too close together. 

An excellent example of quarrying in accordance with rock struc- 
ture and unsoundness 1s to be found in a quarry near Knoxville, Tenn, 
Open bedding planes dip 15° to 20° N., “‘cutters”’ occur in a predomi- 
nating east-and-west system, and indistinct hair lines run generally — 
north and south. The rock is channeled north and south, drilled 
east and west, and quarried on a slanting floor, thus paralleling the 
three prominent rock structures. 


POSSIBLE OBJECTIONS DISCUSSED. 


Some quarrymen would condemn a new method immediately if 
it were found that a decrease in the rate of channeling resulted. 
Such action would indicate faulty reasoning. Quarrymen must realize 
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fully that their purpose is not to produce channel cuts and drill holes, 
but blocks of sound marble. If by a new method a greatly increased 
proportion of sound stock is obtained at a nominal increase in cost 
of production, the method is successful even though the rate of chan- 
neling is greatly reduced. 

To properly search out and map unsoundness requires considerable 
time and energy. However, the far-seeing quarryman realizes that 
such labor, although temporarily unproductive, prepares the way for 
more economical and efficient operations.. It is important that quar- 
rymen should recognize the undoubted desirability of such prelimi- 
nary investigation and the modification of methods to suit the 
conditions. 


METHODS OF SEARCHING FOR INDISTINCT JOINTS. 


If joints are very indistinct, a method of search devised by a Ten- 
nessee marble company is noteworthy. As all quarrymen know, only 
distinct joints can be recognized on a channeled surface. They are 
much more easily recognized on a fractured surface. Hence, before 
making cross breaks on a long channeled mass the quarryman takes 
a hand tool and a hammer and “points” a strip about 6 inches wide 
in a horizontal direction across the channeled surface. The effect is 
to produce a band having a fractured surface on which the natural 
joints are easily detected. The cross breaks are then made where the 
joints appear, and much of the unsoundness is in consequence elimi- 
nated from the finished blocks. 

_ The same method is followed on the quarry floor. “Pointed” 

bands are made in two directions at right angles and 10 to 12 feet 
apart. The joints are thus located and the channel cuts can then 
be made to best advantage. 

In a certain Alabama quarry small pieces are broken off the cor- 
ner along the working edge of a quarry floor, thus exposing fractured 
surfaces. When water is thrown on the surfaces the indistinct joints 
appear as fine white lines. Channel cuts are then spaced to coincide 
with the joint lines wherever possible. 


THE BOWLDER QUARRIES OF TENNESSEE. 


Unsoundness in certain Tennessee marble quarries is greatly em- 
phasized by erosion. Running water has entered the minuto frac- 
tures and so worn them that large cavities have been formed between 
which the rock stands up as pinnacles and spires. The cavities are 
now filled with clay. Such a condition constituted what is known 
in Tennessee as a bowlder quarry. As the erosion began in planes 
_ of weakness it is probable that the masses of rock that now remain 
are comparatively sound. In such quarries little if any channeling 
is necessary. 
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STUDY OF UNSOUNDNESS IMPORTANT. 


The suggestion in the section devoted to prospecting and developing 
marble deposits that a careful preliminary study of unsoundness 
should be made before operations are commenced on any prospect | 
will be more fully appreciated when quarrymen have studied the 


preceding paragraphs and noted the vast influence unsoundness ~ 


exerts on the proportion of waste produced. It is probable that 

greater losses result from quarrying without regard for unsoundness 

than from any other single cause. Present operators may in many 

instances greatly increase the proportion of sound stock quarried by 

making careful study and detailed diagrams of all visible unsoundness 

and then seeking methods of excavation that are best in accord with 

the conditions. Suffi- 

ati cient examples have 

Chatinel cuts—— been cited to convince 

the most doubting of © 

the economy of such 
methods. 


THE QUARRY OPERATOR’S 
PRIME OBJECT. 


In concluding the dis- 
cussion of channeling in 
accordance with bedding © 
and unsoundness the ~ 
author desires to empha- 





FIGURE 12.—Method of channeling a quarry floor employed by a prime obj ect in marble 
Georgia marble company. 
quarrying is not to estab- — 
lish high records in rate of channeling. or in gross production per — 
‘man per month, irrespective of the form or quality of the product, 
but rather to Preios rectangular blocks of sound marble. This 
object should be kept prominently in view, and should govern the — 
choice of machinery and the method of rock removal in-every instance, — 


REDUCTION IN NUMBER OF CORNER CUTS. 


All operators of channeling machines are familiar with the loss of 
time resulting from the necessity of cutting out corners when wall — 
cuts are met by subsequent channel cuts. Methods of channeling — 
should be devised that tend to reduce to a minimum the number of — 
corner cuts required. The plan followed by a Georgia marble — 
company may well be cited. Figure 12 shows the position of channel — 
cuts on a bench that is open to thenorth, The first step is to make the 


size the fact that the © 


| 
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wall cuts, z, y, and z. Next, the two cuts, m and 7, are made. Their 


_ purpose is to remove the necessity of cutting out numerous corners. 


By making these cuts only three corners, a,, @,, and a,, must be cut 


out. After the cut o has been made, the short cuts b, to 6, follow, and 
finally the cuts c, to c,. The key blocks / to 10 are broken free suc- 


cessively by gadding and wedging, beginning at the open edge of the 
bench. When these blocks have been removed, blocks 11 to 19 are 
successively raised and removed. It will be noted that the prevailing 
joints run approximately east and west. Blocks 11 to 19, when 
wedged up from beneath, break along joints. This plan has the 


double advantage of making cross drill holes unnecessary and at the 
same time of reducing to a minimum the number of joints that inter- 


sect blocks. Blocks of considerable length free of joints may be used 


_ for columns. 


CHANNELING IN RELATION TO RIFT. 


In certain marble deposits there is a tendency for the rock to split 


with greater ease in one particular vertical plane. Ordinarily, under 


such conditions, channel cuts should be made at right angles to the 
direction of the rift in order that advantage may be taken of this ease 
of splitting, thus facilitating the making of cross breaks. If no rift 
exists, the difficulty of obtaining a straight and even break may be so 


great as to justify channeling in both directions. 


USE OF WIRE SAW IN QUARRIES. 
MECHANISM OF THE WIRE SAW. 


The wire saw consists of an endless wire rope about one-fourth inch 
in diameter and composed of three strands. The wire passes around 


a driving wheel and is carried on pulleys to that part of the quarry 
where cutting is to be done. A sliding carriage is placed at a con- 
venient point in the circuit to give the necessary tension to the wire. 


Renwick? states that in France and Belgium holes 2 to 3 feet in 
diameter are cut by means of cylindrical core drills. The cores are 
removed and standards erected in the holes. Pulleys over which the 


| wire runs are attached to these standards. 


THE PENETRATING PULLEY. 


In early days much difficulty was experienced in guiding the wire 
in a slanting direction, but this difficulty was overcome in 1898 by 
the invention of the ‘‘penetrating pulley.” This device is thus 
described by Renwick:? 


The pulley consists of three parts—(1) the pulley: This is a steel disk 19.6 inches 
in diameter and 0.27 to 0.31 inch thick, grooved on its edge to receive the wire. On 








a Renwick, W. G., Marble and marble working, London, 1909, p. 34, 
b Renwick, W. G., Op. cit., p. 38, 
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the central part of the disk and projecting on each side is a boss supporting a steel 
axle 0.97 inch long. (2) The fork: This takes the shape of a hollow steel bar 2.4 
inches in diameter, grooved at the lower end to receive the pulley, and which can be 
lengthened by a series of tubes of similar diameter. The bc’tom of the fork acts 
as a bearing, on which the pulley runs. (3) The carriage: This consists of a standard 
which can be placed in position by three screws or guys. The standard carries a 
screw and drum attachment, by which an automatic progressive motion is given to 
the fork from the rotation of an exterior pulley, on which the helicoidal wire runs. 

The operation of extracting stone is as follows: Two holes are first sunk to receive 
the fork on which the pulley runs. The standards carrying the wire having been 
placed in position and the wire set in motion, the penetrating pulley is brought close 
to the rock. The thickness of the pulley being slightly less than the diameter of the 
wire, the latter projecting from the edge of the pulley wears into and bites the rock, 
forming a groove into which the pulley enters. Sand and water are fed to the descend- 
ing wire, and, the fork supporting the pulley following the hole made to receive it, 
the wire is carried through the rock from one standard to the other, making a cut in 
the direction required. Crosscuts are obtained by altering the position of the stand- 
ards. Cuts can be made along a length of 10.9 to 16.3 yards, and for an equal depth, 
the progress of the cut being 1.56 to 5 inches per hour, this depending on the nature 
of the material and.the length of the cut. 


INSTANCE OF USE OF WIRE SAW IN QUARRY. 


‘Although the wire saw is used extensively by marble-finishing 
plants, its use in American quarries has, during recent years, at least, 
been confined to certain Colorado quarries. In these quarries it has 
been found that the most useful application of the wire saw in quarry 
work is in the cutting out of masses of rock situated between two shafts. — 
In the early days of these quarries three shafts 60 to 80 feet apart 
were opened in the mountain side. After they had been carried 
down to a considerable depth it was found advantageous to remove 
the intervening masses and to develop a single large opening. By 
means of a core drill a hole was projected from one excavation to the - 
next at a point close to the ceiling. The wire was passed through 
this hole, fitted around the necessary pulleys, and spliced to form a 
continuous belt. Steel shot and water were used as abrasive. 

A mass 4 feet wide and 5 feet high and extending from one opening 
to the other was first removed to give a working space. Both wall 
and ceiling cuts were made with the wire saw. The ceiling cuts, were 
somewhat slower and more difficult to make than the wall cuts, as the 
abrasive would not feed readily to the saw. <A second horizontal cut 
was made about 18 inches below the ceiling cut. The intervening 
mass was broken up and removed as waste in order to gain. sufficient 
room for the removal of blocks without jamming. On account of 
the narrowness of the saw cuts, great difficulty is often encountered _ 
in removing this material. It may be noted, however, that a great 
saving of marble is thus effected, as in ordinary tunneling the pre- 
liminary opening is 6 or 7 feet high. Additional vertical cuts were 
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spaced in the same manner as those made with a channeling machine, 
whereas the cross and the floor breaks were made by drilling and 
wedging. 

-It has been found that the cutting is just as effective if the abra- 
sive is fed to the saw at one point only, the point where it enters 
the rock, as when fed at several points along its course through the 
rock, 


DESIRABILITY OF USING LONG WIRE. 


It is important that a long wire be employed. The wire is abraded 
during the process of sawing and continually becomes smaller until 
at some point it becomes too weak to withstand the strain and breaks 
in consequence. It is obvious that by increasing the length of the 
wire the rate of wear on any given part is correspondingly diminished. 
One company uses a wire nearly a mile long. Formerly the super- 
fluous wire was passed around a drum in numerous turns. It has 
been found more satisfactory, however, to run the wire in a simple 
turn over a pulley situated at a distance from the quarry. 


METHOD OF REPLACING AN OLD WIRE BY A NEW ONE. 


In the early days of wire-saw operation much time was lost when a 
wire was worn out before a cut had been completed, as the opening 
cut by a wire gradually becomes narrower as the wire is reduced in 
size by abrasion. When the wire was replaced by a new one much 
of the cutting had to be repeated, as the opening was too narrow for 
the new wire. : 

Recently a method has been employed that obviates this difficulty. 
When the wire has been worn small and appears nearly ready to be 
discarded, the force that crowds it against the bottom of the cut is 
relaxed, and it is allowed to run freely for some time. It thus wears 
an opening larger than its diameter. The new wire can be drawn 
through this opening, and the cut continued with little loss of time. 


DISADVANTAGES IN USE OF WIRE SAW. 


| When working normally the wire saw cuts much more rapidly than 
a channeling machine and requires less attention. 
The presence of flint balls in marble is, however, a serious obsta- 
cle to the successful operation of the wire saw. On account of its 
extreme hardness the flint will greatly diminish the speed of cutting 
or may entirely suspend progress. Moreover, the wire is likely to 
pass around the mass of flint, and in doing so, may be offset 3 or 4 
inches from its regular course, resulting in an uneven surface. 
Another disadvantage in the use of the wire saw is the obstruc- 
tion of other operations by the wires that pass through the quarry. 
| 16207°—Bull. 106—16——6 7 


74. TECHNOLOGY OF MARBLE QUARRYING. 


They interfere more particularly with the pulling and the hoisting of 
blocks. Seemingly, the wire saw is best adapted for cutting out 
masses of rock that intervene between two shafts. Its advantage 
over the channeling machine in the ordinary process of quarrying 
has not yet been demonstrated in any American quarry. 


DRILLING. 
MACHINERY. 


Ordinarily in quarry drilling vertical holes are made with a tripod 
drill or bar, holes in the face in horizontal rows with a quarry bar, 
and in vertical or inclined rows with a gadder. A bar is better than 
a tripod drill for projecting rows of holes in a straight line, as it saves 
much time in moving. 

Recently the jackhammer has replaced both bars and tripod drills 
in several quarries. It has a mechanical rotating device and may be 
run as a one-man drill. It uses hollow steel. It is run dry, and part 
of the exhaust passes down inside the drill and blows out the rock 
dust. On this account it is best operated by air, as steam condenses 
and forms a mud which is removed with some difficulty. When 


' 
: 


operated with steam it ceases to be a one-man drill, as a helper is 
required to pour water down the hole. | 

The jackhammer is operated as a hand drill, and is a great time- 
saver, as a few seconds only are required to OnE steel or to move 
to a new hole. | 

In one Alabama quarry jackhammers have now replaced all bar and | 
tripod drills. In 1913 and 1914 tripod and bar drills were used, and 
in 1915 jackhammers took their places. The increased efficiency that | 
results is shown in the following table: 


Drilling record of a quarry in which jackhammers superseded tripod and bar drills. 























Time effieiency. 
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1913 252-26 pee a 11,981 $0. 0780 9.7 132.6 78. 63 0. 70 20.43 
19142 Ho2Se 0s ee @ 8,699 . 0682 106: 0 135.0 79. 00 1.09 19.91 | 
1915. 
JANUALVee see 6,022 . 0404 90.0 106. 2 88. 74 0.91 10. 35 || 
February......... 7,203 . 0332 105. 4 111.0 95. 02 0.58 4.39 | 
March-3 eee 7,760 0392 113.0 LU7.:0 96. 50 0. 43 3.06 - 








a Average of 12-month period. 


The cost per linear foot in March, 1915, was just half as much as) 
the average for 1913, and 40 per cent less than the average for 1914, | 
This reduction in cost was due partly to the employment of one 
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instead of two men for each drill, and partly to the increased time 
efficiency indicated. In 1913 and 1914 the drills were operating on 
an average only 79 per cent of the time, whereas about 20 per cent 
was required for moving. In March, 1915, the jackhammers were 
actually at work 96.5 per cent of the time, and only 3 per cent was 
required for moving. 7 

Other hollow-steel drills of similar type are now on the market, but 
are not in as general use as the jackhammer, and no figures concerning 
their efficiency were obtained. 

A highly efficient bar drill employed by a Georgia marble company 
is used for both vertical and horizontal rows of holes in the quarry 


face. The bar is more than 12 feet long, and two drills are attached 


to it. In making a horizontal line of holes, each driller completes 


6 feet of holes, and then the whole outfit is moved 12 feet, and the 


process is repeated. In drilling the face, two vertical rows of holes 
are projected simultaneously, one drill operating on each row. At 
the completion of each pair of holes the bar is moved up to the proper 
position for the next pair. Much time is thus saved as it takes no 
longer to adjust the bar for two drills than for one. 

~ With the exception of the jackhammer, most drills work successfully 
with either steam or compressed air. If electric power is available, 


drills of special design may each be operated by a portable motor- 


driven pulsator. This method is especially advantageous if drilling 
operations are carried on at a considerable distance from the power 
plant, as power can be transmitted with greater ease by wire than 
by pipe tines or hose, and with less loss of power through leakage, 


friction, or heat radiation. 


DRILLING IN RELATION TO CHANNELING. 


The separation of rock masses is ordinarily less expensive per 
square foot by drilling and wedging than by channeling. The former 
method can be employed, however, only where a channel cut allows 


freedom of motion of the block in the direction in which the wedges 


tend to forceit. Thus a certain amount of channeling is unavoidable. 
If there is a decided rift in the marble, drill holes may be placed 


_ much farther apart when splitting is being carried in the direction 


of the rift than when the splitting is carried across the rift. On tbis 
account when the wall cuts are made, if the direction of channeling 


is not influenced by bedding or unsoundness, one set of channel cuts 


_ should be made in a direction at right angles to the rift, and the 


cross breaks made by drillmg and wedging. Advantage is thus taken 
of the rift direction to reduce the number of drill holes. As regards 
“liver rock,” a term applied to a marble that has no rift, the necessity 


~ for placing drill holes close together and the difficulty of obtaining 
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a uniform break if the plug-and-feather method is employed, may 
render it advisable to channel in both vertical directions and to 
wedge only on the floor. 


ARRANGEMENT AND SPACING OF HOLES FOR CROSS BREAKS. 


If the rock is uniform and sound drill holes may be spaced regularly 
in vertical holes. The spacing of drill holes varies from 4 inches to 
2 feet, depending on the ease of splitting the marble. When the 
marble is unsound or lacks uniformity in color or texture, it may be 


necessary to make slanting cross breaks in order to avoid waste and 


to properly grade the product. Such breaks are shown in Plate 
Na.b, p#58- 
DRILL HOLES FOR FLOOR BREAKS. 


When channeling is done in one direction only, except for wall cuts, 
the long masses of marble are broken loose from the floor before cross 
breaks are made. Occasionally a floor cut is made with a channeling 
machine, but almost invariably they are made by drilling and wedg- 
ing. As with holes for cross breaks, the spacing of the holes is 
governed by the ease with which the marble splits. A common 
practice is to make alternate holes shallow and the intervening holes 
the full depth of the break desired. The depth of each hole is marked 
on the rock surface for the guidance of the worker in selecting wedges. 


The holes may be parallel with each other or may radiate in fanlike 


form. 
PROPER SIZE FOR DRILL HOLES. 


Drill holes should be as small size as possible without detracting from : 


wedging efficiency. Most drill holes are made 14 to 13? inches in- 
diameter. It has lately been demonstrated that the diameter of drill _ 


holes can be greatly reduced without interfering with the successful 
operation of wedges. J.P. McCluskey, quarry superintendent of the 
Alabama Marble Co., found that on an average 44 minutes was 


required to drill a 13-inch hole 2 feet deep. The time required to- | 


drill a 14-inch hole 2 feet deep was only 24 minutes. ALI drill holes 
in the quarry of the company mentioned are now made 1} inches in 


diameter. The change from 13 to 1} inches has resulted in a reduc- | 


tion of 44 per cent in the time consumed per linear foot of drilling. 
In order to wedge successfully in holes of such small diameter, | 


wedges of special design are used. They are described subsequently | 


under the title ‘‘ Wedging.”’ 


ADVANTAGE OF REAMING DRILL HOLES. 


Acting on a suggestion made by the writer, a certain marble company | 
tried the experiment of using a reamer to cut grooves on the opposite | 
sides of drill holes, thereby assisting the splitting so materially that — 


i id ty 
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fewer drill holes were required. The reamer was made in the form 
of a drill with wings at the sides sufficient to cut grooves about one- 
fourth of an inch deep on opposite sides of the drill hole. It could be 
used only in a reciprocating drill. When the hole was completed 
the drill bar was removed and the reamer put in its place. The 
rotating device was thrown out of gear, and by means of a bar through 
which the square shank of the reamer passed, the latter was held in 
proper position to cut the grooves exactly in line with the desired 
direction of splitting. 

It was found that a straight break could be made with drill holes 
at least twice as far apart as when no reamer was employed. How- 
ever, no reamers could be found that would bear the work required 
of them. The projections invariably broke off after short service. 
Until this mechanical difficulty has been overcome, the method is not 
_ considered to be practical. 


SHARPENING AND TEMPERING OF DRILLS. 


Economy in drilling depends to a great extent on the ability of the 
blacksmith to properly sharpen and temper drills. If the drills are 
‘too hard they will chip easily, and if too soft. they dull rapidly. 
Uniformity in the size of drills is also important. Much annoyance 
and loss of time will probably result from an endeavor to continue a 
drill hole with a drill slightly larger than the one employed to drill 
the first part of the hole. 


WEDGING. 
TYPES OF WEDGES EMPLOYED. 


In some quarries wedges that reach only a short distance into the 

drill holes are employed. As the entire strain is near the rock sur- 
face heavy sledging is necessary, and uneven fractures may result. 
The method is not effective. 

- The long wedges commonly used represent a marked improvement. 
_ Iron plates or feathers are attached to their extremities with wire in 
order to hold them in proper position while being inserted into the 
drill holes. When the wedges are driven the strain is thus exerted at 
points near the bottoms of the drill holes. If alternate holes are 
made half depth the strain is more evenly distributed. 

It has been mentioned in a previous paragraph that one quarry 
company reduced the size of drill holes to 14 inches. Ordinary 
wedges reduced to fit such holes were not strong enough to withstand 
the heavy sledging required. Consequently a wedge was designed 
that gave effective service with lighter blows. 

The type that has proven highly successful is shown in figure 13 
The feathers are 3 feet long and the plug 3 feet 9 inches, the additional 
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FIGURE 13.—Details of wedge that is effective in a small drill hole. 


9 inches being required for driving. 
The plug tapers gradually from ¢3 inch 
in diameter at the top to 7% inch at the 
bottom. The feathers are curved on 
one surface to fit the drill hole, and 
the flat surface is perfectly straight 
and gives a uniform taper from one 
end to the other. They are made 
true to form in a swage. ‘The im- 
portant feature of the design is that 
the diameter B-B at the top of the 


feathers is exactly the same as the — 


diameter C-C at the bottom, 1} 
inches. As a consequence when the 
plug and the feathers are inserted into 
the drill hole in the position shown in 
the figure, one side of each feather is 
in contact with the plug, and the other 
side with the wall of the drill hole 
throughout its entire length. When 
the plug is driven the feathers are 
forced apart a uniform distance at 
every point, and as a result the press- 
ure exerted is uniformly distributed 
over their full length. Straight and 








even fractures result, and are obtained _ 
with much lighter sledging than by 


any other method yet devised. 
UNIFORM STRAIN DESIRED. 


It isimportant thatin driving wedges 
there should be equal strain on all of 


them. If wedges near one end of a_ 


long mass of marble are driven much 


harder than those near the other end, 


an irregular cross break may result. 
In other words an artificial strain 
break may be produced, especially in 
long breaks in marble that has no rift. 


Wedging such marble should never be ~ 


unduly hastened. A more uniform 
break will result by giving the rock 


time to fracture gradually than by — 


forcing it. Uniformity of strain and — 


moderation in the rate of fracturing 
may both be best accomplished by em- 
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ploying one man only on a single floor break. Different men strike 
blows with different degrees of force, and thus although one man may 
drive a wedge with the same number of blows as another, one may 
exert a much greater strain than the other. Also when two or more 
men are employed, there is a tendency to force the break at a too 
rapid rate. 

If short breaks are made, or if the marble has a decided rift parallel 
with the direction in which fracture is desired, more latitude may be 
allowed. In some quarries several men work together in driving 
wedges, a leader giving the word so that all strike at once. A gang 
may, with practice, work together in this manner and produce a uniform 
strain. If the rapid splitting has no ill effect the method is justified. 


EFFECT OF RIFT ON DRILLING AND WEDGING. 


It has already been stated that the process of splitting is greatly 
facilitated by rift. If there is an exceptionally pronounced rift in 
a horizontal direction, it 
may be possible to make 
a floor break double the 
width of an ordinary mar- 
ble block. This method 
is employed by a Mary- 
landcompany. After the 
wall cuts have been com- 
pleted, channel cuts are 
made 12 feet apart and 


Bete direction only. A FIGURE 14.—Influence of rift on bottom breaks. Holes drilled 
floor break is made the in direction a, if too shallow, will result in break at x and 


full 12 feet wide and then injure blocks; holes drilled in direction 6 will result in a 
? : straighter break. 

the mass of marble is split 

lengthwise by drilling and wedging. Thus, in one direction, the rock 
is intersected by alternate channel cuts and rows of drill holes, and 
all the cross breaks are made by wedging. As the cost of drilling 
and wedging is less than that of channeling per square foot of surface 
produced, a considerable saving is effected. 

In most marble there is a decided rift parallel with the bedding. 
Therefore, if the bedding dips at a steep angle, the rift may be inclined 
in like manner. If the rift is inclined and the quarry floor level, the 
direction in which drill holes are projected for floor breaks is a matter 
of considerable importance. In a Colorado quarry in which the floor 
is level and the rift steeply inclined the channel cuts are made parallel 
with the strike of the rock. The allowance that should be made for 
the influence of rift on the process of wedging under such conditions 
is shown in figure 14. When the row of key blocks has been removed © 
holes may be drilled in the direction shown by the arrow a in the 
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figure. When the holes are wedged there is a tendency for the break 
to leave the plane of the drill holes and slant upward on the rift, 
thus removing a corner of the block, as at x When the holes are 
drilled in the opposite direction, shown by the arrow 6, if the channel 
cut is not continued lower than the plane of the drill holes, the break 
will be straight, as it will not run down below the bottom of the channel 
cut. As a consequence, when the holes are drilled in the direction a 
they must be made deeper than when drilled in the opposite direction. 
It is apparent that, to avoid waste by broken corners and to reduce 


the expense of drilling, the row of key blocks should be taken out as — | 


near as possible to the left side of the quarry as viewed in the figure 
in order that most of the drilling may be done in the direction 6. 
In cutting out masses of marble with the wire saw in this quarry it 


projected downward 18 or 20 feet. In making the floor breaks in 





was difficult to maintain a uniform quarry floor. The saw cuts were © 


the direction a (fig. 14) there was a tendency for the break to pass — 


upward and remove a corner of the block, and in making the floor 


break in the opposite direction the break would slant downward on — 


the rift and remove a corner of a block on the floor beneath. 
REMOVAL OF KEY BLOCKS. 


Various methods are employed for removal of key blocks. As in 


many other quarry operations, the method is controlled to some — 


extent by the conditions and to some extent by the skill and experi- — 


ence of the foreman. The key block may be removed in fragments as ~ 
waste, it may be divided into a number of small blocks, or it may be © 


removed in its entirety. 


REMOVAL OF KEY BLOCKS AS WASTE. 


If a band or mass of poorer material traverses the quarry, the key — 
blocks may be located in it. The mass may be blasted into fragments — 
and removed. as waste. This method is employed by a North Caro- — 


lina company. A narrow band of flinty inferior material passes. 


through the middle of the quarry. The key blocks, consisting of this — 


flmty material, are removed by blasting, and no unnecessary loss 
ensues. 


However, some quarry experts think that even inferior rock can — 


be removed more cheaply in large masses with the derrick than by ~ 
breaking it and removing it in small fragments. In areas beyond — 


the reach of the derrick the latter method is to be preferred. 


Even if no such inferior bands or masses occur, some quarrymen : 
blast and remove the first key block as waste, believing this method — 


to be the most rapid and convenient. Unless the marble thus quar- 
ried is of low grade, such economy of time will not justify the waste 
of material. 


4 
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MAKING THE FLOOR BREAK. 


When the key block is to be preserved, the first step after channel- 
ing has been completed is to make the floor break for the first block. 
A common method is to insert a slanting iron plate in the bottom of 
the channel cut and to place the point of a wedge between it and the 
the key block. When the wedge is driven, the entire strain is exerted 
at the bottom of the block. <A series of such wedges may be placed ~ 
close together. If the floor is intersected by other parallel channel 
cuts, it is necessary to place wedges in those immediately behind the 
point where wedging is done, to insure that the fracture will take 
_ place where desired. 

A method now rarely used is to charge an iron tube with blasting 
powder, tamping it hard above the charge and plugging it lightly 
below. The end of the pipe containing the charge is placed in the 
bottom of the channel cut and a strain put on the block by driving 
wedges. When the charge is fired, a clean break is said to result 
from the shock. A small charge placed in a hole drilled in the 
center of the block the exact depth of the channel cuts will act in 
much the same manner. Such a hole may, however, constitute a 
serious defect in the block. . 

After the first block has been removed, horizontal holes may be 
drilled and the next block broken loose by wedging in the ordinary 
manner. When the working space is too confined for a bar drill, a 
jackhammer may be used. Whén the bench has an open side, the first 
block may be drilled by placing a drill bar in a waste box and sus- 
pending it in proper position with the derrick. 

A special method is employed in a Vermont quarry, where opera- 
tions are conducted on a floor slanting about 45°. If key blocks 
were drilled and wedged in the ordinary manner, there would be 
ereat danger of the blocks sliding down upon the men the moment 
they were broken loose. To overcome this danger, a single drill hole 
is projected at the center of the floor line, and a light powder charge 
is exploded init. The charge is so small that it makes the floor break 
without otherwise shattering the block. 


HOISTING OUT KEY BLOCKS. 


A method that is too wasteful to be reeommended is to quarter the 
first key block with the channeling machine and remove it in sec- 
tions. Removal in four pieces is undoubtedly easier than in one. 
There are two serious objections, however—first, the additional 
expense of making the two extra channel cuts, and, second, the 
decreased value of the material in small blocks. It is probable that 


the marble in four pieces is worth less than half as much as the intact 
block. 
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There are now in common use three methods of removing the first 
key block in its entirety. The first of these is by the use of the 
Lewis pin, which is adapted only to strong rock. A hole several 
inches deep is drilled into the middle of the block. A bar with an 
eye in the top is placed in the hole with a wedge at each side of it, as 
shown in figure 15. The bar is thicker at the bottom than at the top, 
so that when pulled upward it tends to tighten on the wedges, when 
the block may be lifted out with the derrick hoist. 

A second method which may also be employed in strong rock is © 
the use of grabhooks. Small pieces. may have to be broken from 
the corners of adjoining blocks in order that the holes may be drilled 
properly and that there may be room for the hooks. 

A third method is employed if the beds are weak. Chain loops 
or cables are thrown over the block from opposite sides. They are 
| placed near the bottom of the block 
and are drawn tight and the block 
is lifted out with the derrick hoist. 


HOISTING. 
TURNING DOWN BLOCKS. 


Blocks are usually turned down 
with a quarry bar before the hoist 
cable is attached. When mono- 
clinic blocks are excavated it is © 





a Vermont quarry the tip of the © 
block is raised with a bar and a 
cable sling placed beneathit. The 
block is then raised several inches with the derrick and blocked up 
ready for final cable attachment. : 

The employment of the derrick to assist the bar gang in turning 
down blocks may result’ in serious risks to those employed. After 
the first fracture has been made a block is by no means free. The. 
interlocking of irregularities on the surface may require considerable — 
strain before the block will move. When the derrick is employed 
there is grave danger of breaking a boom or cable with consequent 
danger of serious accident. 


FIGURE 15.—Lewis pin used in hoisting key blocks. 


CABLE ATTACHMENT. 


The hoist cable may be attached to blocks by grabhooks or chain — 
or cable slings. Grabhooks are employed only with rock that is 
hard and coherent. The two holes for the hooks are made on oppo- 
site sides of the block a few inches from the top. <A mistake is © 


difficult to turn them down. In ~ 
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sometimes made in drilling the grabhook holes too deep. The 
chief strain then comes, not at the tips of the hooks, but on the 
_ curved parts that are in contact with the upper edge of the block. 
__ As a consequence a corner of the block may chip off and allow the 
whole mass to fall. The holes should be sufficiently deep to allow 
a firm grip of the rock but the chief pressure should fall on the tip 
of the hook in the bottom of the hole. Moreover, great care must 
be taken in hoisting by this method. The rock should be carefully 
balanced, as a partial rotation may cause the hooks to slip. Under 
no conditions whatever should a quarry workman occupy a position 
beneath a block that is being lifted with grabhooks. 

| A safer method of attachment is to pass chains under the block 
and completely around it. Blocks are held much more securely by 
this method and there is little danger of a mass of rock falling on 
account of a weak bedding plane or fracture. A chain is, however, 
rather uncertain in its strength, and detection of weak links is some- 
what difficult. When a chain does break the accident is usually 
quite unexpected. A wide margin of safety and frequent examina- 
tion are necessary. 

The best method of cable attachment is by means of cable slings 
(Pl. VI, A). Such slings are quickly handled and the use of two 
slings renders balancing of the block comparatively easy. Defects 
~ in steel cables are easily recognized. <A realization that slings are 
both safe and convenient has led to their adoption in many quarries. 


EFFICIENT HANDLING OF MATERIAL. 


All unnecessary handling of material should be avoided. Blocks 
should be hoisted from the quarry and loaded on cars at a single 
operation if possible. If circumstances will not permit this, they 
should be placed in a convenient position for future loading. At 
most quarries peBERe and loading are done in a fairly efficient 
manner. 

However, more efficient methods of handling waste material should 
be devised. In many quarries there is great loss of time and power 
in rehandling waste blocks. At one quarry waste blocks were hoisted 
from a point near the surface at one side of an excavation, thrown 
to the bottom of a 50-foot pit, picked up with a second derrick, and 
deposited on cars. Cars were situated within easy reach of the first 
_ derrick, but the placing of the blocks on them necessitated swinging 
the blocks over channeling machines. Usually such conflict of 
operations may be avoided by careful and judicious plans for quarry 
development. Every additional operation in handling waste adds 
to the cost per cubic foot, and every increase in such cost cuts down 
the margin of profit on the finished product. 
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TUNNELING. 


DEFINITION OF TUNNEL. 


In quarrying the term ‘‘tunnel”’ is applied to a subterranean work- 
ing, level or inclined, having a roof of undisturbed rock. The 
term is used in contrast with the ‘‘open-pit”’? quarry in which the 
opening is the full size of the excavation, and with the “‘undercut” | 
quarry, the walls of which slant so as to make the floor space wider _ 
with increasing depth. , 


GENERAL CONSIDERATIONS. 


Although open-pit quarrying is the more common type, there are 
conditions under which tunnel methods are to be preferred. A 
tunnel affords a means of quarrying out desirable beds without the 
removal of heavy stripping. However, there are certain difficulties 
and dangers that must be carefully considered. Among them may 
be mentioned the danger of roof falls, the expense of artificial light 
and ventilation, and the necessity of additional handling of quarry 
material. A necessary condition for successful tunneling is the 
presence of a strong roof. In regions where faulting or jointing are 
pronounced the danger from roof falls may be so great that tunnel — 
methods are impracticable. 


OPENING TUNNELS ACROSS BEDS. 


Procedure to be followed in tunneling a deposit in which there are 
no open bedding planes or when the tunnel roof is to cross the beds 
tay be illustrated by describing the method used in a Vermont 
quarry. A preliminary opening 6 to 7 feet high is made by channel- 
ing and blasting. As the rock thus removed is waste, the opening is, — 
if possible, made in inferior material. Determination is made that 
the thickness of sound rock above the tunnel is such that there is no 
danger of roof collapse. After the proper position for the ceiling has 
been chosen a channeling machine is used to cut a channel about 7. 
feet deep, starting about 3 feet from the floor and slanting downward 
to meet the floor line. <A row of horizontal drill holes is then made at 
the roof and another row is made parallel with the floor of this — 
preliminary tunnel. In addition vertical rows of holes. are driven 
at intervals of about 7 feet. The relative positions of channel cuts 
and drill holes are shown in figure 16. The lower wedge-shaped mass 
of rock z in the figure is dislodged by blasting in the drill holes below — 
the channel cut. The upper overhanging ledge y is then broken — 
down by discharging blasts in the holes above the channel cut. Black 
blasting powder is used and all charges are exploded by fuse. Such — 
blasting is probably less effective than a simultaneous discharge of 
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blasts by means of electric detonators. However, if the tunnel is 
driven in tight beds or if it crosses the beds the simultaneous discharge 
of a number of blasts would Le shatter and thus destroy 
marble adjacent to the tunnel. 

When, by repeated blasting, the mass of rock 6 or 7 feet in depth 
has been shattered across the entire width of the tunnel, the next 
step is to remove the waste material. Large pans holding 2 to 6 tons 
each of rock are used. Each pan is shaped like a sugar scoop and is 
handled by means of a cable fastened to the back of the pan, passing 
to a second attachment at the front, and then over a sheave in the 
tunnel roof near the edge of the excavation. Rockfragments are loaded 


in by hand and the pan is hauled to the edge of the shelf. The cable 


is then released from the front of the pan, and further hauling causes 
the back of the pan to be raised, allowing the contents to slide out. 


Tf the tunnel floor slants 


back and passed around a LY, gL ‘ 0 ily & 
‘sheave at the extremity CEI Ff iy i yy 
of the tunnel. The rock ee, oy iat : 


















downward from front to 
back, the empty pan is re- 
turned on rollers, whereas 
if the floor is level or in- 
clined upward the pan is 
hauled back by means of 
a cable attached to the 
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FIGURE 16.—Method of driving a tunnel in marble. 


fragments are againloaded 
into pans at the base of 
the shelf, hauled by trol- 
ley or cable cars to the main hoist, elevated to the surface, and loaded 
directly on railroad cars with the derrick. 

The process of channeling, drilling, blasting, and removal of frag- 
ments is repeated over and over until the preliminary tunnel has been 
projected far enough to give sufficient floor space for economical 
operations. Plate VII, A, shows the appearance of a tunnel in one 
of the Vermont quarries. 


METHOD OF OPENING TUNNELS PARALLEL WITH OPEN BEDS. 


In an Alabama quarry tunnels are driven parallel with the beds, 
which dip about 33°. The tunnel floor is made coincident with a 


band of soft mica schist which occupies a position between two 


marble beds. The soft band is thus utilized to take the place of 
the channel cut as described in the preceding method. One expen- 
Sive operation is thus saved. Drill holes are projected in a row 
parallel with the roof, and vertical rows of holes pass from the 
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roof to the floor at intervals. Black blasting powder shots are 
discharged in simultaneous groups by an electric firmg machine. 
The presence of the band of mica schist at the floor acts as a cushion 
and prevents the shock from. shattermg the good marble below. 
On this account, the more effective simultaneous blasting may be 
employed. 

In removing the material, loaded buckets holding 4 cubic yards 
are hauled to the edge of the excavation but are not dumped. By 
means of a derrick at the mouth of the tunnel they are transferred 
to a position from which they may be hoisted with the main derrick 
and dumped into railroad cars. 


METHOD OF QUARRYING ON TUNNEL FLOOR. 


When a preliminary tunnel of sufficient size has been completed, 
channeling machines may be set up on the floor and operated as in 
an open quarry. Electricity is the most convenient power for use 
in tunnels. Air-driven machines are better than steam-driven, as 
the space for operation is usually confined. The channelers may — 
work on a level or an inclined floor. At West Rutland, Vt., the 
upper levels are quarried on a horizontal floor and the lower ones 
on an inclined floor. In an Alabama quarry the channel floor is 
inclined and the channel cuts intersect the slanting floor diagonally. 


ROOF SUPPORTS. 


In a West Rutland, Vt., quarry the tunnel roofs are supported by 
pillars of marble each 20 feet square left at various intervals. The 
spacing of the pillars is governed by the evident security of the roof. 
If the beds are heavy and seams absent, the spacing may attain a 
maximum of 100 feet. In sections where the beds are seemingly 
less secure the pillars are spaced at intervals of 60 to 80 feet. In 
early days if the roof slanted the pillars were inclined to form right 
angles with the roof. Inclined pillars, however, occupy more space, 
and they form more serious obstacles to the operation of derricks 
than vertical pillars. Of late years all the pillars are made vertical 
though the roof may be inclined. 

In an Alabama quarry a wall running in the direction of the dip 
is left, rather than a series of pillars. This plan was adopted after 
due consideration of the possibility of pillars slipping on a sol, 
inclined, interbedded mica schist. 

Figure 17 illustrates the present and proposed future arrangement 
of pillars in a Colorado quarry. The tendency to stagger alternate | 
rows is noteworthy. 
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| A. A TUNNEL IN A VERMONT MARBLE QUARRY. 





B. GANTRY CRANE EMPLOYED AT QUARRY AT ASHLEY FALLS, MASS. 
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TRANSPORTATION OF MATERIAL IN TUNNELS. 


Blocks of marble or boxes of waste material may be hauled out of 
tunnels by means of cables. Quarry cars operating on tracks are 
more efficient. One company operates both cable cars and an 
electric trolley. If an efficient means of transportation is not pro- 
vided, great loss of time will result. 


LIGHTING AND VENTILATION OF TUNNELS. 


In order to promote safety and efficiency in tunnels, adequate 
lighting is necessary. Hither arc or powerful incandescent lights 


are suitable. If blasting is employed, the harmful gases should be 
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FIGURE 17.—Present and proposed arrangement of pillars in a Colorado quarry. 


removed. In the ventilation of a Vermont quarry large wooden 
conduits through which the impure air is drawn by powerful fans 


are used. 


UNDERCUTTING. 


A modification of the tunnel method consists in enlarging the 
quarry floor by an outward inclination of the wall cuts. The pro- 
cess is simple, requiring no additional equipment and no expensive 
preliminary operation. A wide floor space is obtained with a mini- 
mum of stripping, and with moderate extension no supporting 
pillars are present to obstruct quarry operations. There are, how- 
ever, certain disadvantages. In tunneling, the projection of a pre- 
liminary opening is costly and produces only waste rock, but when 
once completed the subsequent operations of channeling and drilling 
are carried on with almost the same facility as in an open quarry. 
In undercutting, however, every wall cut is slanting. Channeling 
at an angle is slow and relatively expensive. Also the blocks of the 
outer row are angular in shape, resulting in waste. 

In extensive undercutting, the danger from overhanging rock may | 
be averted by leaving wing supports of marble at intervals. Under- 
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cutting is employed successfully in many of the Georgia marble 
quarries. It is to be recommended if the rock is sound, and if tunnel 
methods are too expensive or for other reasons seem impracticable. 

In a Massachusetts quarry the walls are undercut parallel with the 
steeply inclined beds as illustrated in Plate VI, B. By this means 
the desirable beds are followed and the floor space gradually in- 
creased. The blocks of the first row are removed as keys and subse- 
quent channels are cut at right angles to the strike. 


COMBINED TUNNEL AND UNDERCUT. 


If a band of marble is vertical in attitude or inclined at a steep — 


angle and not exceeding 150 or 200 feet in thickness, a safe and — 


economical method of extraction is to project a narrow tunnel and 
gradually widen it by undercutting. If through weathering the 
marble has been altered to a considerable depth, it may be possible — 
to project the preliminary tunnel in inferior rock. Undercutting 
will gradually widen the floor, and the steep walls thus formed are 
less liable to scale than a flat roof. Undercutting is not to be 
recommended, except when the lateral walls are to be permanent, 
for as a rule, it is not practicable to further extend undercut walls. 
When the lateral limits of the desirable material have been reached, 


the angle of inclination of the wall cuts may be modified to conform — 


with the dip of the marble beds. 
DRAINAGE. 


There is great variation in the quantity of water encountered in 
quarries. In some quarries heavy springs are encountered which 
require constant pumping; in others surface drainage only must be 
removed. Steam or motor driven: reciprocating pumps are most 
commonly employed, though motor-driven centrifugal pumps have 
been used successfully, and are highly recommended by a number of 
qualry operators. 


GENERAL CONSIDERATIONS IN QUARRYING. a 


Whenever possible, it is wise to conduct quarry operations on a 
wide floor space. In general, operations on a large scale are more © 
economical than those on a small scale. A large floor space also — 


allows greater choice of material. The encountering of local unsound- 
ness may temporarily suspend production in a small quarry, whereas 


in a larger one the unsound rock may be avoided for the time being 


and removed during a dull season. 


Greater efficiency in quarry operations may be attained by em- 
ploying night shifts. By this means the output can be almost — 


doubled without any increase in the power plant or quarry equip- 
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ment over that required for the day shift only. The work should be 
so arranged that the night shift is relieved of those operations that 
on account of poor light, or for other reasons, are not performed to 
advantage in the night. Machine work is the most satisfactory of 
all operations for night shifts, and consequently, the day shift should 
endeavor to leave the machines in the best possible condition for 
continuous operation. 

All quarries. should be provided with safe and efficient stairs or 
ladders.¢ Much time is lost when men are obliged to pick their way 
over steep and rough rock surfaces or climb down hastily improvised 
steps or ladders. 

Removal of mud and rock fragments from the quarry floor is an 
operation that should not be neglected. An accumulation of débris 
impedes quarry operations. The presence of a large heap of rubbish 
in one part of a quarry may discourage the proper performance of a 
task and lead to the substitution of a less-efficient method. All rub- 
bish should be cleaned up systematically and frequently, and the 
entire floor space kept in a condition favoring a free and intelligent 
performance of all subsequent tasks. 


SAFETY FIRST. 


“Safety first’? should be the motto in planning and erecting all 
quarry equipment and in the conduct of all operations® -Many 
operators fail to realize that safety devices contribute to efficiency. 
They consider that much of the money spent in safeguarding ma- 
chinery and the time employed in making examination for possible 
dangers is entirely lost. The matter of safety should be viewed in a 

different light. Men become greater producers if they feel that all 
reasonable means are employed to safeguard their lives and health. 
_ Much time is lost if men feel that they must constantly be on the look- 
out for some overhead dangers. Moreover, accidents deprive the 
quarry of the services of skilled men and frequently burden the pro- 
_ prietor with a load of expense. 


HOISTING EQUIPMENT. — 


| TYPES OF DERRICKS. 


Various types of derricks are employed in marble quarries. Both 
the mast and the boom may be of wood, the mast may be of wood 
and the boom of steel, or both may be of steel. Spliced wooden 
derricks having mast and boom each in four pieces are used in some 

regions. They are strongly supported with iron bars and turnbuck- 
les. They are easy to transport and set up. Those in common use 


b See Bowles, Oliver, Op. cit., pp. 12-36. 
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have a lifting capacity of 15 to 18 tons. All derricks should be 
painted to protect them from the weather. 


USE OF GANTRY CRANES. 


A Massachusetts marble company uses a traveling gantry crane in 


place of a derrick, as illustrated in Plate VII, B. It has an 80-foot 


span and a lifting capacity of 25 tons. The entire crane travels back 


and forth on tracks placed at each side of the excavation. It is read-_ 


ily accessible to all parts of the quarry, and blocks once lifted are 
transported directly to the stock pile without further handling. One 


disadvantage is that the use of the gantry crane limits the width of _ 


the quarry. Furthermore, it is not to be recommended for quarries 
in the development of which considerable hoisting will be required, 
as it necessitates that all lifting be done with one hoist. If derricks 
are employed several may be placed in convenient locations and oper- 
ated simultaneously. 


DERRICK GUYS. 


All derricks should be strongly supported. For 20-ton derricks” 


eight iron guys of 14-inch diameter are necessary. Jor derricks with 
90 to 100 foot masts and with a maximum lifting capacity of 35 tons 
the guys should be 14-inch steel. For locking guys, Crosby, Roe- 
bling, or Leschen clips are regarded as more reliable than splices. 

A new arrangement of guys is now employed in some quarries in 
Vermont. Instead of 12 guys being spaced regularly, they are 


arranged in four sets of three each, the groups radiating at successive — 


angles of 90° from the mast. An advantage lies in the fact that four | 


large secure concrete piers may be constructed at a smaller cost than 


12 small and possibly unsafe ones.. Where several derricks are sit- 


uated close together, it is often a problem to properly place guys and 


at the same time evenly distribute the stram. The arrangement 


mentioned overcomes this difficulty in a most satisfactory manner. _ 


Where several derricks are situated near together, the top of one 
mast is occasionally anchored to the top of another. There is con- 


siderable risk in this method, as strains on different derricks may ocour | 


in the same direction simultaneously and thus multiply the strain on 


a single guy. 
GUY ANCHORS. 


Guy anchors are of various sorts. Where bedrock outcrops at the | 
surface the safest method is to drill holes in the rock, insert a bar with | 
a ring in the top, and fill up the hole with melted sulphur. Where | 


considerable depth of soil surrounds the derrick, guys may be an-— 
chored to buried timbers. The trunks of large trees, preferably grow- | 
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7 ing trees, are sure supports. It is advisable, however, to place a sec- 
ondary anchor to support the tree. 


A post supported by a pile of stones, as shown in Plate VIII, A, is 
used by some Tennessee quarrymen. The post should be nearly ver- 
tical. It should not be slanted backwards, as in that position it 
forms a lever tending to raise the soil or rock in front of it, and thus 


is not im the best position to withstand stram. Such posts should 
also be supplied with secondary anchors. 


A concrete pier in which is embedded an angle-steel bar is a highly 
efficient support. An eyebolt may be passed through the bar and 


the slack of the guy taken up with a nut, as shown in Plate VIII, B. 


HOISTS. 


Steam hoists are the type most commonly employed in marble 


quarries, although compressed-air and electric hoists are used in 
several places. The type of hoist to be employed depends on the 
nature of the work. Deep quarries demand a higher cable velocity 
than shallow ones. In any case a very slow motion is not desirable. 
Much time is lost in quarries where men must wait while blocks are 


slowly raised to the surface, especially if rock excavation is being 


carried on near the point of elevation, as safety demands that men 
must move from their working places while the block 1s overhead. 


The power required for hoisting increases rapidly as the speed is 


increased, and a proper balance must therefore be maintained 


between the speed of hoisting and the power consumed for the 


“operation. — 


In many quarries crude methods of sluing are still employed. 


 Sluing is sometimes done by means of a rope attached to the block 
or by a mechanical sluing device operated by a handwheel. The 
_sluing device that forms a part of all modern hoists is much more 


efficient, as it gives a more rapid motion than hand-operated devices 


and is controlled by the hoist engineer. 


The spmning of blocks while suspended endangers the lives of em- 


ployees and makes difficult the guidance of their course during ascent. 
_ Spinning may be avoided by using a nonspinning hoisting cable. 
_ The central strands of such a cable are twisted to the left and the 


outer strands are twisted to the right. 
LOCATION AND SIZE OF DERRICKS. 


The quarryman should have a clear and definite plan of quarry 
development before placing his derrick. The extension of a quarry 
excavation in a direction away from the derrick may soon bring it 


_ beyond the range of the boom. Thus the erection of a new derrick, 
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and possibly a second handling of material, may be necessary. In 
several quarries blocks are hauled long distances by cables before 
they reach a position from which they may be hoisted to the surface. 
Such preliminary haulage is injurious to cables, involves great loss 
of time, seriously interferes with other quarry operations, and is 
surrounded by many dangers. It may be advisable to install a car- 
haulage system or to replace or supplement a derrick by a new and 
larger one. The size of the derrick must also be governed by the 
extent and direction of quarry operations. A small derrick may 
give satisfactory service for a few months, after which it may have 
to be replaced by a larger one. It is usually more economical to 
erect a large and permanent derrick at first, provided the operator 1s 
reasonably certain that quarrying within its range is to be extensive. 


HOIST SIGNALING. 


In shallow quarries or in yard operations signaling by hand motion 
is almost universal. If the hoist engineer can not see the bottom of 
the quarry, hand-motion signals are sometimes relayed to a man in 
an intermediate position. Such a method is not to be recommended, 
as tho repetition of signals involves increased danger of misunder- 
standing and also requires an additional man. 

Types of mechanical signal apparatus in common use are electric 
bells, telephones, and bell pulls. Dry-cell electric bells are not 
considered reliable; they may fail to act at critical times. Electric 
bells operated by wet-cell batteries are more reliable if inspected 
at regular intervals. Telephone connections require inconvenient 
ear attachments. If noisy operations are conducted, words given 
by telephone may be easily misunderstood. The bell pull is con- 
sidered to be the most convenient and reliable method. Both the 
apparatus and its operation are simple and there is little danger 
of misunderstanding signals. 


SCABBLING. 


y 


Where the mill is situated close to the quarry, the process of 
scabbling may be omitted. If situated at a distance, or if the marble 
is to be sold in block form, the blocks should be scabbled to avoid 
transportation of waste material. The most common method of 
scabbling marble blocks is by manual labor with the scabbling pick. 
The wire saw is used successfully in some places. Hammer drills 
and wedges are used occasionally for the removal of the more promi- 
nent surface irregularities. 
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TRANSPORTATION OF QUARRIED ROCK TO THE MILL. 
VARIOUS METHODS OF HAULAGE EMPLOYED. 


- In some quarry regions mills are so favorably situated that short 
haulage only is required. In several eastern localities blocks are 
loaded directly upon the transfer cars by means of the quarry der- 
rick. A number of companies use railroad cars and locomotives. 
Electric trolley lines are used successfully even on heavy grades. 
On such grades efficient and dependable brakes must be used. 
Steam tractors may be employed if roads are graded and firm. 
It is a matter of considerable expense to grade and keep in proper 
repair roads suitable for the heavy traffic incident. to the use of 
tractors. 
TEAMS AND WAGONS. 


Teams and wagons are used in many places. Where quarries are 
situated on mountain sides and rock must be hauled down steep 
roads, the chain or shoe attached to the wheel to prevent too rapid 
descent is destructive to roads. Haulage by horse-drawn vehicles 
entails a slow rate of haulage, small loads, much repairing of roads, 
and heavy cost for maintaining horses. Hence, in many places, 
some form of cable-car transportation would seem to be more suit- 
able than by teams and wagons. Where light grades are encoun- 
tered, mules or horses may be employed to haul cars. 


CONNECTING QUARRIES WITH RAILROAD TRACKS. 


Many marble quarries are situated at short distances from rail- 
roads, and some form of conveyance is necessary to connect the 
quarry with the railroad track. Where the grade is light, a railroad 
siding is to be preferred. Where small quarry cable cars are used, 
it becomes necessary to erect a derrick at the junction point and re- 
handle all marble going out and all coal coming in. Where a siding 
is built, transportation may be conducted by means of standard 
railroad cars with no transshippmg. Where a heavy grade is 
encountered, cable cars are necessary and transshipping may be 
unavoidable. | 
| CABLE CARS. 


Cable cars are used successfully in a number of regions. The 
conditions vary so. greatly that no one particular form can be recom- 
mended. The system must be modified to suit the conditions. 

One of the most complete cable-car systems in use in any Amer- | 
ican marble quarry is that in a Vermont quarry. Two cars are 
used, the empty car ascending while the loaded car descends. The 
hoist is operated by a 75-horsepower electric motor. A 14-inch 
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steel cable passes from one car to the hoist where it makes six turns — 
on a 12-foot drum, then passes out and is attached to the second ear. 
The cable is guided by rollers. The track is three-fourths of a mile 
long. Over part of its course the grade is light, but at two points 
it is very steep. The cars pass at the center. Above this point 
a three-rail track is provided to prevent interference of the ascending — 
and descending parts of the cable. Below the center the cable is 
always single, and in consequence a single track only is necessary. 
The maximum load is 40 tons, and 20 minutes is required for each 
trip. By means of an automatic needle indicator, which travels 
back and forth on a board, the hoist engineer can accurately follow — 
the course of the loaded car. The rock is transferred from the cable 
cars to standard railroad cars for transportation to the various mills. 


FACTORS CONTROLLING THE METHOD OF TRANSPORTATION. 


Before a system of transportation for any particular quarry is — 
adopted the conditions must be studied carefully. The most impor- 
tant considerations are probable output, size of material, number of 
times it must be handled, rate of haulage, distance, Bierane conformity 
of the country to be traversed: first cost of the system, cost of main- 
tenance of equipment and ronlway: and capital available for trans- 
portation purposes. 


-EQUIPMENT AND OPERATIONS IN MILLS AND SHOPS. 


At least one-half the marble quarries of the United States have 
more or less completely equipped plants for sawing, polishing, carv- — 
ing, or otherwise preparing marble for structural uses. The opera- — 
tion and equipment in many such, mills and shops were noted in ~ 
connection with quarry observations. Marble mills and finishing © 
plants belong to the manufacturing rather than to the producing phase _ 
of the marble industry, and consequently may not strictly be included — 
in a discussion of the technology of marble quarrying. The brief — 
discussion of marble-manufacturing plants presented in this section” 
is justified by the direct interest that many quarrymen have in the — 
manufacturing phase of the industry. Although certain facts relat- — 
ing to method and equipment are presented, for whatever immediate — 
benefits they may suggest, no attempt is made to deal with the subject _ 
exhaustively at this time. e 


LOCATION OF PLANT. 


The location of marble works is influenced greatly by water supply : 
and availability of power. Aside from these considerations, although 
in many respects it is more convenient to erect the plant near the — 
quarry, conditions may be such that this plan is unwise. If thee 
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quarry is situated several miles from towns, in a region where roads 
are poor, it may be wiser to build the plant at some town, especially 
if other marble plants are centered there. 

There are several arguments in favor of placing stone manufactur- 
ing plants at a common center rather than at the quarries. Although 
such an arrangement requires transportation of rock that is later 
wasted in saw cuts and coping, buyers can the more readily conduct 
their business if shops are centralized. Furthermore, it is easier to 
keep men near towns where schools and other public institutions are 


more convenient and more efficient than in comparatively unsettled 


regions. If shops are situated at a considerable distance from rail- 


way lines, sidings are often uneven and transportation over them is 


‘more destructive to thin-finished material than to uncut blocks. 


BUILDINGS. 


Fireproof mills and shops are to be preferred. When a fire occurs 
the loss is great, because the heat is liable to destroy all the ma- 
chinery. If buildings are not already of fireproof construction, a 


sprinkler system is to be recommended. One advantage of such a 


system is that water can do little damage. It may possibly cause 
swelling of the timbers, thus throwing the machinery out of alignment, 
but otherwise most of the equipment is of such a nature that water 
will not affect it. 

The plan of shop and mill construction carried out by a Georgia 
marble company is worthy of remark. The company constructed 
with brick and concrete an absolutely fireproof section separating two 
units that were not fireproof. With such an arrangement fire can not 
paralyze production, because if one unit is destroyed the fireproof 
section prevents spreading of the fire, and operations may be continued 
in the remaining unit. 


HEATING AND VENTILATION. 


In cold climates the necessity of preventing the freezing of water 


-employed in the various processes, and also the need of keeping men 


comfortable while at work, demands that shops be closed structures. 
A system of heating and ventilation also becomes necessary. Coal 
stoves are employed in many mills and shops, but are not satisfactory, 
especially in large buildings. They require too much attention, 
increase the fire risk, and provide an unequal distribution of heat. 


Ina Vermont mill the air, impelled by powerful fans, is passed through 


coils over a furnace, and conducted through overhead pipes, from 
which it is expelled downward at various points. With adequate 
renewal of circulating air from outside sources, heating and ventila- 
tion may be combined into one system. A Pennsylvania company 
uses the exhaust steam from its power plant to heat the mill and shop. 
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POWER. 


Direct water power is highly satisfactory. The cost of operation 
and maintenance of turbines is relatively low. An adequate water 
supply at all seasons of the year is desirable in order that continuous 
operation may not be interrupted through lack of power. At one 
Vermont mill two turbines on vertical shafts supply power to an 
overhead countershaft by means of bevel gears. The turbines are 
so arranged that one can be disconnected at night or at such other 
times as only partial power is required. | 

Steam is a common source of power for mills and shops. Where 
fuel is cheap steam is satisfactory. << 

Electricity, which may be developed by the company or purchased 
from power lines, is used in many places. Where an abundant sup- 
ply and a good head of water may be obtained with a small outlay of 
capital, hydroelectric power may be cheaper than steam even, though 
the cost of coal islow. The convenience in transmission of electricity 
has induced some companies to develop it by steam in places where 
there is not a sufficient water supply. 

Where electricity is used, one motor may provide power for the 
entire mill. In other places the mill is divided into separate units — 
driven by independent motors. One Tennessee company has one 
motor for each set of three saw gangs. One advantage of such an 
arrangement is that one part of the mill may be shut down for repairs 
to the motor while the remainder is in operation. Some mill men 
object to the use of electricity if the power is conveyed over trans- 
mission. lines. To guard against burning out motors by overcharge 
due to lightning, a circuit breaker is necessary, and during a thun- 
derstorm the circuit may be broken: and all the machinery stopped. 
When saw gangs stop suddenly, sand packs in around the blades, 
and may make starting difficult or impossible. 


METHOD OF POWER TRANSMISSION. 


For transmission from fly wheel to countershaft pulley two types 
of belts are employed—a broad belt of leather or fabric and a rope 
belt. The latter has the advantage of low first cost and is easily 
tightened, the tightening pulley being applied to a single turn only 
of the rope. 

Direct water power is commonly transmitted by gears. Wooden 
cogs in one of the intermeshing wheels and iron cogs in the other have ~ 
been found a very satisfactory combination. A skillful carpenter 
can easily replace defective wooden cogs, and such cogs, if properly 
made, are durable. | 
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PLAN OF MILL, SHOP, AND YARD. 


Stone is heavy and excessive handling adds greatly to the cost of 
the finished product. Consequently, marble producers should aim 
to arrange mill, shops, and yard in a manner that permits minimum 
handling. Where sawing and finishing are both done, it is a common 
practice to place mill and shop parallel, 30 to 60 feet apart, and to 
have an overhead traveling crane between them. Where sawing and 
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FIGURE 18.—Track arrangement at a Vermont marble mill. 


finishing are conducted on a large scale, the plan of a Vermont mill 


is efficient. The essentials of the plan are shown in figure 18. One 


traveling crane is employed to unload blocks from cars on their 
arrival at the mill and to pile them with the stock or to load them on 
to the transfer cars. A small locomotive crane is employed to haul 


the transfer cars through the mill, where a track passes down the 


center with gangs on either side. Beyond the mill is the finishing 
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plant and at the end of it another smaller traveling crane for loading 
the finished stock on railroad cars. | 

A convenient plan for a small plant having a mill but no shop is| 
that of a Maryland plant, as shown in figure 19. Gang cars are used) 
but no transfer cars. Cars are loaded by either of two derricks situ-| 
ated at opposite sides of the mill. Railway tracks pass at both sides 
of the mill for bringing marble blocks, sand, or fuel, and for taking 
away finished stock. Both rough 
and finished stock are piled within 
reach of one or other of the der- 
ricks. 









LEITICK 
MILL. 


SAW GANGS. 


Saw gangs constructed a num. 
ber of years ago have wooder| 
frames. Such frames are not tc 
be recommended, as_ frequen’ 
wetting and drying cause then’ 
to decay rapidly. Modern gang}! 
have steel frames which are mora 
rigid and durable. An efficien) 
frame devised by a Georgia com! 
pany consists of iron tubes ¢ 
or 10 inches in diameter, whicl) 
were set up and filled with con. 
crete. Such frames are con) 
structed cheaply. | 

All hanger bearings for th 
gangs should be so capped tha, 


FIGURE 19.—Plan of mill and yard of a Maryland they are perfectly sand proof. 
marble company. 


Gang-Car tracks 


Derrick 


ABRASIVES USED IN SAWING. 


The most common abrasive used in sawing is clean sharp sand| 
Many millmen use crushed steel or fine steel shot, either with wate! 
alone or with sand and water. The resulting increase in the rate 0” 
sawing is variously estimated by different operators at 20 to 50 pe| 
cent. As all millmen know, if the saws are fed too fast the blade, 
bend and cut uneven surfaces, which must later be rubbed for a lon | 
time to be made uniform. Although it is possible to crowd saws t| 
excess when crushed steel is used as an abrasive, the liability t 
crowding is less than when sand is used alone. 

Certain rules must. be followed in the use of crushed steel as a) 
abrasive. It should never be used with rock that contains pores larg 
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‘enough to allow grains of steel to become lodged therein. The same 
‘is true of marbles containing soft minerals, as mica. If the grains of 
‘steel become lodged in the pores or in ne soft minerals, ex may 
later cause scratches when the rock is under the buffer. ils porous 
‘marbles, especially those that exhibit a marked permeability, are 
‘apt to stain with the iron rust formed from the steel abrasive. A 
steel abrasive may be used successfully with marbles having small 
pores and no streaks or bands of relatively soft minerals. 

It is well known that the presence of carbon dioxide greatly in- 
creases the tendency of iron to rust, and its complete absence renders 
the process of oxidation (rusting) eetieay slow. On this account 
many millmen ‘mix lime with the steel abrasive, because lime absorbs 
carbon dioxide to form lime carbonate Seon to the chemical reac- 
tion Ca0+CO,=CaCO,. When the carbon dioxide has been thus 
removed, the dees for stains to occur in the marble is greatly 
din miehed, 

SAND PUMPS. 


One good sand pump will supply five gangs. Jn some of the more 
improved types of sand pumps a great saving of power is effected 
‘by the use of ball bearings. 


SAWING WITH UNSOUNDNESS. 


_ If the grain of the marble permits, a great saving of material may 
be effected by sawing parallel with any joints present in the blocks. 
is can not be done if joints pass diagonally through blocks, and 
eat waste results. Usually joints strike across the grain, and slabs 
mhoust be sawed parallel with the grain. Thus joints may intersect a 
majority of the slabs, and sawing with unsoundness may not be per- 
missible. As a rule unsound blocks can be sawed to better advan- 
tage into cubic stock than into thin slabs. 


® 
SAWING CORNER BLOCKS. 


_ The ordinary method of sawing a corner block is to saw diagonally, 
forming triangular blocks. This method wastes material and neces- 
tates a Foor cut. An improved method is illustrated in figure 20. 
aw i is disconnected when it reaches v and saw 2 is disconnected 
ty. When cuts are made in a direction at right angles, L-shaped 
Mocks are-formed as shown. 


LOADING SAW BEDS. 


In early days the saw beds consisted of transverse stationary 
timbers. Roadways passed between the gangs over which marble 
blocks were hauled by teams or cables to points near the beds. 
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The blocks were placed in proper position by means of crowbars. 
Although greatly improved methods are now used, many of the 
old-fashioned mills are still in active operation, chiefly because the- 
cost of remodeling is deemed to be too great. With the present 
high cost of labor, and of maintaining horses, the economy of adher- 
ing to the old methods is doubtful. Although the first cost of refit- 
ting would undoubtedly be high, there would be a subsequent saving 
of much time and labor. So many modern mills are now in opera- 
tion that it would be a simple matter for any mill owner to estimate 
the loss or gain attendant on remodeling his plant. 


THE GANG CAR. 


The gang car has of late years replaced the stationary bed. The 
floor of the car constitutes the bed. Blocks may be loaded on the. 
car and the loaded car placed beneath the blades and securely braced. 

The loading may be -done by. 


means of a derrick, a locomotive | 
ie crane, or an overhead traveling 
: crane. This method permits the’ 
loading of blocks and the removal - 
of sawn material with great. 
facility. 
THE TRANSFER CAR. 
The use of a ‘‘transfer car” in-_ 
creases the facility of movement, — 
~ and isa great timesaver especially | 
where a traveling crane is not 
used. Forsmall mills a convenient : 
arrangement is to place a row. 
of gangs on one side of the transfer-car tracks and a platform on the : 
other. On the transfer car are cross tracks for the gang car. These. 
tracks are level with the gang-car tracks which run beneath the. 
saws on the one side and also level with several similar tracks on the 
platform at the other side. When a block is sawed, the gang car is | 
hauled out by means of a cable and placed on the transfer car, from | 
which it may be transferred to a position on the platform or taken | 
to the shop. Another gang car with a fresh block may then be) 
placed beneath the saws. | 
The platform is a great convenience when night shifts are employed. 
Gang cars loaded and ready are placed on the platform. When the | 
cutting of a block is finished during the night it is removed and a) 
new one placed beneath the saws in a short time. If no such con-_ 
veniences are provided a gang that reaches the bottom of a block 
during the night must remain idle until morning. 





FIGURE 20.—Improved method employed by one 
marble company for cutting corner blocks. 
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_ The transfer car is not used at some plants, especially around mills 
where an overhead crane is employed. The gang must then remain 


idle during the time the gang car is being unloaded of slabs and 
reloaded with a new block. Where a transfer-car system is em- 
ployed, the car loaded with slabs may be shifted to one side and 


replaced by another car already loaded and waiting. 
The wisdom of using both transfer cars and a crane depends on 
circumstances. With extremely hard marbles, in which the saws 


sink only 3 or 4 inches during a shift, the time of loading and unload- 


ing is proportionally such a small part of the whole time devoted to 
the sawing operation that any equipment designed to shorten this 


_ time may not be justified. On the other hand, with soft marbles in 
which the saws advance 1 to 2 inches an hour a slow method of 
removing sawed material and replacing it with rough blocks may 


result in a considerable proportion of the saws being idle all the time. 


Mills have been observed where one-fourth to one-third of the gangs 


_ were kept permanently in idleness on account of the time required 


for unloading and reloading. In another mill equipped with both 
traveling crane and transfer cars, of the 20 gangs, 19 were in active 
operation at the time the mill was visited. The transfer car is 
undoubtedly a timesaver, and is not expensive in first cost, opera- 


_ tion, or maintenance. 


Some mills are so conveniently situated that the gang cars are 
loaded directly by the quarry derrick. 


AN EXAMPLE OF A WELL-EQUIPPED PLANT. 


The mill shown in figure 18 is an example of a mill suitably arranged 


_ and equipped for rapid handling of material. This mill has 43 gangs, 
and hence it is imperative to have ready facility in exchanging gang 
ars. The depressed transfer-car track passes down the center of 
_ the mill between two rows of saw gangs. When a block has been 


sawed, a small locomotive crane enters the mill from the yard. It 


_ pushes ahead of it an empty transfer car and hauls behind it another 


a 


transfer car supporting a gang car loaded with a new block. When 


the empty transfer car reaches the proper position, the car with 
sawed material is hauled from beneath the saws by means of a cable 


from the crane and placed on the waiting transfer car. The locomo- 


tive crane thén moves along until the gang car loaded with a fresh 
block is in proper position, when it in turn is hauled beneath the saws. 
The crane then passes on through the mill into the shop, where the 


_ sawed material is disposed of. 


UNLOADING SAW BEDS. 


Cubic stock may be removed by derrick or crane by using grab 


_ hooks or smooth-faced iron clamps which automatically close upon 


the block when under tension. Thin stock may be removed in the 
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same way or by cable slings. The removal of thin slabs singly, 


especially if no transfer-car system is employed, results in great loss 
of time and keeps saw gangs idle for too great a part of the time. 
If a pair of steel cable slings is used the whole load of slabs may be 


removed at a single operation. Some companies use the slings also- 


for cubic stock. 


A CONVENIENT DEVICE ON CABLE SLINGS. 


The kinking and twisting of steel-cable slings causes annoyance, 


loss of time, and, occasionally, injury to the operator. A simple 


device used by one company overcomes this difficulty. A round 


iron ball weight is attached to the bottom of the sling. This holds — 
the sling under sufficient tension to prevent twisting or kinking. 


The ball also affords a convenient means of handling the cable. 
It is less destructive to gloves and less liable to cause injury to hands” 
than the cable itself. : 


THE WIRE SAW. 


A useful adjunct to the mill is a yard equipment for cutting with 


a wire saw. Four to 12 blocks may be placed in line and sawed 
simultaneously, sand or crushed steel being employed as abrasives. 
The operation requires little power or attention and gives satisfactory 
results in uniform material if slight variation in the thickness of the 
slabs may be allowed. The wire saw will not give as satisfactory 
service with marble that contains flint balls or otherwise lacks uni- 
form hardness as with pure and uniform material. 


SHOP OR FINISHING PLANT. 


LOCATION OF SHOP. x 


A company which operates both a mill and a shop should logically | 


a 


have the latter so situated that sawed material may be brought to it | 


with the greatest facility. The mill shown in figure 18 Thustrateaaa 
convenient arrangement, the shop being a continuation of the mill 


building. A parallel arrangement of nal and shop with a traveling — 
crane on them is convenient, and many companies have their | 


mills and finishing plants aerated 4 in this manner. 
COPING, 


Although most coping is done by hand, a coping machine is employed 


in afew places. It consists of a small carborundum or carborundum- | 
faced cutting wheel and a smoothly traveling bed on which the slabs 
are placed. Sr cuts rapidly and leaves a smooth surface. It may be | 
used for cutting baseboards and tile. It gives good satisfaction 
if sound stock is employed. One advantage is that no edge rub- { 


bing is necessary after cutting with the machine. 
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RUBBING. 


The two important requisites for a rubbing bed are hardness and 
uniformity. A good quality of iron has been found most satisfactory. 
The attempt to make carborundum beds of large size has not as 
yet been successful, owing to the limited size of carborundum fur- 
naces. Composite carborundum beds could be constructed by joining 
together a number of segments. However, there would be difficulty 
in obtaining exactly the same degree of resistance to abrasion in each 
section. Small carborundum beds are used to some extent for rub- 
“bing small pieces. 

The common abrasive on rubbing beds is sand. Unless the sand 
is nearly pure and uniform the use of a simple rotary screen to take 
out the pebbles is advisable. 

The bed surface is kept true by grinding down the high parts with 
an iron weight. A cubical block of iron resting on the surface of the 
revolving bed serves this purpose. An improved form of truer con- 
sists of cylindrical rotating disks which are adjustable on the frame. 
_ Most rubbing beds are driven from a countershaft and gears above 
the bed. When driven in this manner the shaft support both above 
and below the bed keeps the latter in a true horizontal plane. Occa- 
sionally, however, beds are geared underneath. It is more difficult 
to keep the bed running true when driven in this manner, as there is 
no support above the bed. However, the absence of a shaft above 
the bed allows great freedom in using a jib crane in nance blocks 
of marble. 

Various methods of rubbing tile are employed to make them true 

to size and exactly square. Machines for holding them and auto- 
Matically grinding them true are known to most millmen, and 
descriptions may be obtained from the various manufacturing com- 
panies. One method is to attach 8 to 12 tile together with plaster 
of Paris and then to rub to size in the same manner that a cubical 
block is treated. 
In order to rub the surfaces of blocks too large to be placed on the 
rubbing bed, carborundum rubbing heads may be operated in the 
same way as buffer heads. The carborundum plates may be attached 
to the head with shellac, melted sulphur, or set screws. A star-shaped. 
head with the water supply entering at the center is a new form that 
gives good satisfaction. 

For curved and irregular surfaces hand rubbing is necessary. A 
piece of marble with sand and water or a carborundum brick is 
usually employed. 


GRITTING AND BUFFING. 


When a polished surface is desired, the marble is placed beneath a 
buffer to which is attached a head of felt or other soft texture. 
Emery powder is used for gritting, and the so-called “ putty powder”’ 
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for polishing. The polishing powder is composed of chromium oxide, 
which makes a green powder, or of tin oxide, forming a white powder, 
together with oxalic acid. Occasionally these powders are mixed. 

Different marbles act differently under the buffer. It is only by 
experience that one can learn the best method of polishing, and the 
peculiarity of the marble may demand a modification of the polishing 


machinery. As an illustration, a certain Vermont marble polishes” 
best when nearly dry. The ordinary buffer when nearly dry has a_ 


tendency to jump and break thin stock. To overcome this difficulty, 
“nendulum buffers’? have been devised. By means of a crank and 
pitman large wooden blocks are made to slide back and forth. These 
blocks are covered with felt pads, by means of which the polishing 
is done, putty powder almost dry being used. 


For hand polishing of curved or irregular surfaces a fine sandstone. 


or hone is employed. 


CUBIC STOCK. 


Unsound blocks cut to better advantage into cubic than into thin 


stock. On the other hand acute-angled blocks should be cut into 
thin stock to avoid waste. 


For cutting cubic stock to proper dimensions, a perforated steel | 


circular saw, a diamond circular saw, or a single blade in a straight- 


cut gang frame may be employed. With thé perforated steel circular | 
saw sand or steel shot is employed as abrasive. It cuts fairly well | 
but is now replaced in many places by the more rapidly cutting dia-_ 


mond saw. 


Circular diamond saws vary in diameter from 20 to 72 inches. The 
diamond teeth are replaceable. The first cost is high, though with | 
care the cost of maintenance is not excessive. They occupy little — 
space and saw rapidly. An abundance of water is necessary for | 
successful operation, and care must be exercised to avoid overcrowd- 
ing. A New York company operates a pair of parallel diamond | 


saws which are adjustable for width. 


A single saw blade with crushed steel or sand as abrasive is occa- | 
sionally used. Its operation is too slow to be satisfactory. A blade | 
set with diamond teeth and placed in a straight-cut gang frame may | 


be employed. 


PLANERS. 


Planers are used extensively for cutting moldings and cornices. 
The more improved forms may be applied to either straight or cir- 
cular work. Of late years a great deal of the work formerly done 


with planers is performed with carborundum machines. 
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CARBORUNDUM MACHINES, 


Carborundum machines are great time savers. The extensive use 
of carborundum is one of the most remarkable modifications in the 
equipment of modern marble-finishing shops. Curved work, mold- 


ings, cornices, or balusters are all cut successfully with carborundum 
wheels. 


The method of preparing a carborundum wheel is to set it in a 
lathe, and by means of a steel tool to cut it into the shape of a negative 


of the pattern desired. ‘The wheel is then placed on the shaft. The 
marble block travels on the machine bed beneath the wheel which 
‘cuts the molding to the desired shape. A copious stream of water 
plays on the cutting surface. Plate [X* shows the manner in which 


a molding is cut. Round bases may be carved by rotation of the 


marble mass, and curved forms may be made by a continuous auto- 


matic adjustment of the cutting wheel, as shown in Plate X, A. A 


~earborundum wheel in use for making balusters is shown in Plate 
X, B. The piece of marble is roughed out to the general shape de- 
sired. The carborundum wheel and the baluster are rotated in 


opposite directions. Balusters are manufactured much more rap- 


idly by this method than with a lathe, especially if the marble is 


hard or tough. One company manufacturing balusters from the 


- Roxbury, Vt., verd antique completes in about one hour a baluster 


34 feet long and about 6 inches in diameter at its widest part. The 


time required to turn a similar baluster on a lathe is about three 


hours. 

Machines are now manufactured for fluting large columns. Rather 
than cut out all the material with a carborundum wheel, one com- 
pany finds it advantageous to first use diamond saws to make a series 
of parallel cuts in the deepest part of the fluting. The intervening 
marble is broken out with a hammer and the operation completed 
with the carborundum wheel. By thus using diamond saw and 
hammer to remove the bulk of the material the time required for 


fluting is just one-half that required if all the cutting is done with the 


carborundum wheel. | 
Another company has introduced a simple machine to save time in 
cutting circular or other irregular work. A horizontal iron bed about 


§ feet in circumference is surrounded by a galvanized-iron pan to 


eatch the drip. Projecting from the center of the bed is a vertical 
shaft to which a carborundum wheel is attached. The marble block 
is roughed out and the desired outline carefully marked. In order to 
facilitate movement of the marble block on the bed, flat iron plates 


12 by 14 inches by 4 inch are provided with ball bearings inserted in 











aPl, IX and Pl. X, A and B, were kindly supplied by the Julius Wegner Machine Works, Astoria, 


‘Long Island, N. eae 
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holes and projecting slightly above the surface. The arrangement of 
ball bearings is shown in figure 21. The block is placed on these 
pilates and is thus very easily guided. It is held against the rotating 
carborundum wheel and cut to the line. The claim is made that one 
man can accomplish as much with this machine as 10 men cutting by 
hand. 

One weakness of the method is the lumpy or uneven surface that 
inevitably results from hand manipulation. The company contem- 
plates the introduction of an adjustable block support to be attached 
to a lathe bed running beneath a carborundum wheel. The bed is 
designed to travel very slowly while the turning of a handwheel 
raises or lowers the block. Thus the accuracy of machine work will 
replace the unavoidable inaccuracy of hand labor. Similarly, the 
introduction into marble-finishing plants of many new and special 
forms of carborundum machines may be expected. 


COLUMN CUTTING. 


Various methods are employed for cutting columns of marble. 
One company cuts small columns by means of a circular steel drum 
rotating on a vertical 
axis and fed with sand 
and water. Other com- 
panies employ similar 
drums having diamond 
teeth inserted on the 
lower margin. The cutting is done by the diamonds and no other 
abrasive is necessary. A stream of water is supplied during the 
cutting process. 

The largest cutting drum of this type yet observed is that employed 
by a Colorado company in cutting columns for the Lincoln Memorial, 
now under construction at Washington, D. C. Each section of a 
column is 7 feet 5 inches in diameter and 58 inches long. The drum 
has 80 diamond teeth. <A period of 4 to ha hours is required for cut- 
ting each section. 

Drum column cutters give good satisfaction for short columns or 
short sections of columns, as described above. For large monoliths 
a lathe must be employed. Columns are then roughed out to the 
approximate form desired before they are placed in the lathe. The 
cutting tool employed is similar to that used in the ordinary machine 
lathe for turning metal shafts. 

Lathes adapted for fluting as well as turning are now used by some 
companies. 

A lathe may also be employed for polishing plain columns, though 
the rubbing or polishing of fluted columns is done by hand. 





FIGURE 21.—Iron plate with ball bearings used to facilitate move- 
ment of marble blocks. 
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CUTTING AND CARVING. 


All complicated patterns, or other irregular designs, must be cut 
by hand. Much of the cornice and molding work formerly done by 
hand is now performed successfully with planers or carborundum 
machines. As mentioned previously, carborundum machines are of 
especial interest to stonecutters, as they are capable of such varied 

, adaptations. For hand carving, small operators with limited capital 
employ hand tools and hammers. Pneumatic tools are much better, 
and should be employed wherever possible. 

A method of cutting the letters on headstones by means of a sand 
blast is employed by at least two companies. A shield with an 
opening the size and shape of the inscription area is placed over the 

» monument. Steel letters are glued on the rock surface in proper 
| position, and a sand blast directed at high pressure against this 
surface for a few moments cuts down the entire area except that 
protected by the steel. A little hand trimming is required to correct 
| irregularities due to varying hardness of the stone. Much time is 
saved by employing this method, especially when many monuments 
' of the same size and shape are manufactured. 
- That part of a stone shop that is devoted to cutting and carving 
should be well lighted and heated. 


HANDLING MATERIAL. 


An overhead crane is necessary for handling heavy material 
Electric cranes are efficient, and are so widely known that descrip- 
tion of their operation is superfluous. In many shops where small- 
sized stock is produced the material is handled with great facility by 
means of small trucks run by hand. 


CRATING AND SHIPPING. 


Experienced men should be employed for crating and loading 
finished material upon cars ready for transportation. The material 
must be packed in such a manner that it will not break by moving 
_ about in the car, but, on the other hand, it must not be secured. too 
| rigidly, or the straining of the cars on sharp curves may cause 
breakage. For handling heavy material a derrick, locomotive crane, 
or overhead traveling crane must be employed. For small stock, 
trucks are commonly used. 


ADEQUATE WATER SUPPLY. 


So many operations in the mill and finishing plant require an abun- 
dance of water that provision must be made for an adequate supply. 
Failure of the water supply may make necessary suspension of the 
operation of part or all of the marble-cuttmg machinery. If for any 
reason the supply of water seems liable to diminish and become 
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inadequate, immediate steps should be taken to obtain a larger supply 
or to build necessary reservoirs for the regulation and conservation 
of the supply already at hand. 


THE PROBLEM OF WASTE. 
THE IMPORTANCE OF WASTE. 


Conservation of national resources demands economy in quarrying. 
The stone resources of the United States, although great, are by no 
means inexhaustible, especially the finer grades of marble. Added 
to the actual value of the material forming the waste heap is the cost 
of excavation. The cost of strippmg, channeling, drilling, and hoist- 
ing waste biocks is often nearly as great as the cost of handling an _ 
equal amount of good rock. Aside from the value of the rock and the 
additional cost of quarrying, the waste material encumbers the ground, 
impedes lateral development, and interferes with yard operations. The 
failure of some quarry companies to realize a profit is due to the 
quarrying of an excessive amount of material that remains unutilized. 


The problem of waste is twofold. In the first place it has to do— 


with all types of improved equipment and modern methods of exca- 
vation which tend to keep the proportion of waste at a minimum; 
and in the second place it must deal with the various uses to which 
waste material may be applied. In other words, it is a problem, 
first, of waste elimination and, second, of the utilization of whatever 
waste is unavoidable. ; 


ELIMINATION VASTLY MORE IMPORTANT THAN UTILIZATION. 


Waste elimination is much more desirable than waste utilization. 
A quarryman should by no means countenance methods that result 
- In excessive waste merely because he has found an outlet for his waste © 
material in the form of by-products. As a rule the cash return from 
by-products is only a fraction of the production cost of the waste 
material from which they are supplied. As an illustration, it may be 
assumed that a moderate cost of marble excavation is 25 cents per 
cubic foot, or $3 per ton. A fair price for riprap is 50 cents a ton, 
one-sixth of the cost of excavation. The quarryman seeks a market 
for riprap, not because the production of riprap is profitable, but for 
the reason that he prefers to obtain one-sixth of the cost of his waste 
material rather than to receive nothing at all. By eliminating a ton 


of waste he saves $3, whereas by marketing it he saves only 50 cents. — 


WASTE ELIMINATION. 
UNAVOIDABLE LOSSES. 


The loss of a part of the good stone is unavoidable. Channeling, 
drillmg, scabbling, sawing, and coping are all necessary operations” 


which use up an appreciable share of the stone. In addition to losses 


a 


| 
| 
| 
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due to the processes of manufacture, more or less stone must be thrown 
away on account of imperfections. 


AVOIDABLE LOSSES. 


It is, however, the throwing away of masses containing many cubic 
feet of good stone, or the handling of an excessive amount of inferior 
material, which constitutes the serious and, for the most part, avoid- 
able losses. Causes of these greater losses and methods of quarrying 
that will eliminate them are discussed below. 


CHIEF CAUSES OF WASTE. 


The natural imperfections in marble that constitute the source of the 
greater losses are unsoundness, strain breaks, impurities, and lack of 
uniformity either in color or texture. On account of the particular 
_ method followed in marble quarrying, irregular masses or acute-angled 
blocks may result and lead to further waste. 


SYSTEMATIC PROSPECTING. 


Unsoundness, texture, and distribution of color or impurities vary 
‘from point to point in the same deposit. The prospective quarry 
- operator must not too hastily open a field of operations. Systematic 
prospecting is a first step toward waste elimination. Outcrops or 

stripped surfaces should be carefully examined for unsoundness, bad 
color, flint balls, etc. Naturally, investigation should follow the 
direction in which any improvement appears in the rock. 

The most suitable location as indicated by surface conditions having 
been chosen, the next step is to ascertain the qualities of the marble 
at various depths. Drill holes should be projected at points dis- 
tributed systematically over the area under investigation. Double 
core-barrel drills are the best for this purpose, as they give infor- 
mation concerning unsoundness in addition to mdicating color, 
uniformity, and supply. Any change in quality with depth is 
Important as showing whether development should best extend 

_ laterally or vertically. 


DIRECTION OF QUARRY WALLS. 


Before freer’ are started the outcrop or stripped surface should 

_ be mapped carefully to show the direction of strike and dip, and the 

iirections of the chief jomt systems. Naturally the quarry walls 

should parallel those rock structures that are most pronounced. If 

_ the beds are tilted and if inferior beds alternate with those of good 

_ quality, it may seem advisable to make the quarry walls parallel the 

_ Strike and dip. If the rock is of uniform quality but intersected by 

_ prominent joint systems, the quarry walls should be parallel and at 
} 


! 
| 


110 TECHNOLOGY OF MARBLE QUARRYING. 


right angles to the chief joints, or possibly the contiguous walls should — 
parallel the two chief systems of jomts if these should meet at oblique 
angles. The quarryman must use keen judgment and give careful 
study to this question. Careful mathematical calculations may be © 
necessary before he can determine definitely which plan will give 
him the minimum of waste. 

The author knows of instances where a mistake in the original — 
plan of quarrying has led to an excessive proportion of waste. In 
a certain quarry the marble beds strike N. 35° W., and dip 30°. 
The sides of the excavation are N. 60° W. and N. 30° E., respectively. 
Hence, one wall of the excavation makes an angle of 25° with the 
strike. As aconsequence the beds pitch into one corner of the quarry, — 
as shown in Plate VII, C. The nature of the rock requires that it be 
split on the bed, and as a consequence ‘‘oblique”’ blocks result and 
the waste is excessive. 

Of course when such a mistake has been made in the original plan 
of quarrying, it is possible to change the plan and quarry parallel 
with the chief rock structures. By such a change, however, corners 
are left and the original floor space greatly reduced. 


TUNNELING TO AVOID UPPER INFERIOR BEDS. 


The depth of inferior rock due to surface alteration 1s an important 
consideration. Although the actual value of the untouched material 
may be negligible, the cost of handling great quantities of waste 
material adds greatly to the expense of quarrying. The removal of 
such material may, under certain conditions, be avoided by employ- 
ing tunnel methods. 


WASTE IN TUNNELING. 


In projecting a tunnel, head room is obtaimed by blasting out a 
space 6 to 7 feet m height. If the tunnel is driven in good marble 
a large quantity of good material is thus destroyed. If practicable, 
the quarryman should choose an inferior bed in which to drive the 
preliminary opening. If a tunnel is to be projected with a view to 
avoiding handling surface-stained material, it should be driven in 
the band immediately above the good rock, provided a sound roof 
of sufficient thickness remains. 

The blasting required in tunnel work demands care to avoid shat- 
tering the good marble. When tunneling is done on the bed, a band 
of mica schist or even an open bedding plane at the floor of the pre- 
liminary tunnel may serve as a cushion and prevent the shock from 
affecting the good marble beneath. If no such cushion exists, as a 
safety precaution, only light charges are used, and holes are fired 
singly as the simultaneous discharge of a series of shots creates too 
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-gevere a shock. The making of a horizontal floor cut with a chan- 


neling machine prevents the effects of blasting from reaching the 


good marble, but the difficulties and mconveniences of the method 


make it of doubtful value. 
WASTE DUE TO UNSOUNDNESS. 


Channeling regardless of unsoundness probably accounts for the 
loss of a greater quantity of good marble than any other single cause. 
Unsoundness is the most prolific source of waste, and the one that is 
receiving least attention in the majority of American marble quarries. 


Too great emphasis, therefore, can not be placed on this phase of 


the waste problem. 


Waste results whenever joints pass through blocks, and the waste 
becomes excessive when they pass in diagonal directions. <A reduc- 
tion to a minimum of this form of waste involves first a modification 
of channeling and drilling directions in order that they may conform 
with the directions of the chief joint systems, and second a variation 
m the spacing of cuts to make them coincide with jomts and thus 


eliminate the joints from the blocks. Attention is directed to figure 


10 (p. 63) which illustrates the manner in which waste may be elimi- 
nated by a judicious arrangement of channel cuts. 


WASTE DUE TO LACK OF UNIFORMITY. 


If there is a variation in the texture or color or the marble, care 


should be taken to quarry in such a manner as will tend to produce 


material that may be closely classified. Thus, channel cuts and drill 
holes should follow as closely as possible the boundaries between 


different grades of material. If a block of stone contams 75 per 
cent of inferior and 25 per cent of good material it will probably be 


thrown in the waste heap, along with blocks that are 100 per cent 
inferior. If, however, it is so quarried that even part of the 25 per 
cent of good material is retamed on a good block, a saving has been 


effected. This feature is discussed on page 60. By making all the 


cross breaks along lines that mark separations between material of 
different grades a close classification may be made. 


WASTE DUE TO IRREGULAR BLOCKS. 


Imperfect quarry methods, such as making too few drill holes or 
wedging so forcibly as to produce artificial strain breaks, may result 
in the production of irregular blocks. Channeling or otherwise sep- 
arating blocks along lines making acute angles with open seams 
or beds may result in the production of irregular or angular frag- 
ments, most of which are thrown in the waste heap. When irregular 
blocks are placed on the saw bed the removal of thick surface slabs 
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and of irregular or angular ends leaves a relatively small proportion 
of good stone. | 


THE VARIOUS REGULAR FORMS OF QUARRIED BLOCKS. 


Usually marble is quarried in regular blocks bounded by three 
pairs of parallel faces. Such regular blocks may be in various forms. 
The relative waste involved in each 
form, and the conditions that jus- 
tify or condemn excavation in such 
a way as to produce each form are 
of supreme importance. 

Of regular blocks bounded by 
three pairs of opposite and parallel 
faces, four different forms are quar- 
ried. These are represented in fig- — 
ures 22, 23, 24,and 25. The block 
represented by figure 22 is bounded — 
by three pairs of parallel faces, 
all adjacent faces meeting at _ 
right angles. Hence, this may be 
termed a “right-angled’”’ block. In figures 23, 24, and 25 a right- 
angled block is shown in dotted lines, in order to indicate the rela-~ 
tionship existing between it and the other forms described. 

Figure 23 represents a block that results when the quarry floor is 
level, when one channel cut crosses the line of strike at right angles, 
and when the cross break or second 
channel cut is made parallel with a 
steep dip. The angles between faces 
a and b, and between faces ¢ and 6, 
are right angles, whereas between 
faces a and c the angle is greater 
than 90°. The face ¢ and its par- 
allel and opposite face are inclined 
at an oblique angle with respect to 
one other pair of faces, and in con- 
sequence the block is termed a 
‘““monoclinic”’ block. 

Figure 24 represents the form 
of block which results when the 
quarry floor a is level, the channel cut forming the face 6 is vertical, 
and the cross break or channel cut forming the face ¢ passes obliquely 
through the block with respect to both a and 6. Between the faces 
a and b the angle is right, whereas the angles between a and ¢ and 





FIGURE 22.—Right-angled block. 






LF 


FIGURE 23.—Monoclinic block. 
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between 6 and ¢ are both oblique. The line marking the emergence 


of the plane ¢ on the level quarry floor is not perpendicular to the 
_ channel cut that forms the face 6, as with the block shown in figure 
23, but passes obliquely across the surface. Hence, this block may 


~ level and when the channel cuts 


at steep angles. As there are 
no right angles and as the three 
_ pairs of faces are inclined at ob- 


_ block may be termed ‘“triclinic.”’ 


be termed “ oblique.” 

Figure 25 shows a block in which no right angles exist between the 
bounding faces. Such a form 
results when the quarry floor is 


are neither at right angles to each 
other nor vertical, being inclined 


lique angles to each other, such a 





It may be noted that the four 
forms described represent the 


FIGURE 24.—Oblique block. 


_ yarying stages of obliquity that are possible in regular forms bounded 


by three pairs of parallel faces. Of the angles formed by the meeting 
of the three faces a, b, and ¢ in figure 22, there are three right angles; 


in figure 23, two right angles and one oblique angle; in figure 24, one 


right angle and two oblique angles; 
and in figure 25, all three are 
oblique. 


CIRCUMSTANCES GOVERNING THE 
PRODUCTION OF THE VARIOUS 
FORMS. 


For convenience in describing 
the manner in which blocks are 
formed, the three cuts by which 
blocks are separated may be termed 





FIGURE 25.—Triclinic block. 


the “floor cut,” the ‘‘strike cut,’ and the ‘‘dip cut.” The floor cut 


or ‘bottom break,” as it is sometimes called, is the break that sepa- 
rates the block from the quarry floor, as shown at a, figure 26. The 


strike cut is parallel with the strike of the rock at shown at }, and the 


dip cut follows a line at right angles to the strike cut, as at c. 
Right-angled blocks are obtained when the quarry floor is level 

and when ‘the channel cuts and cross breaks are vertical and at 

right angles. They may also be produced if the quarry floor slants 


_ 80 as to parallel the dip, if the channel cuts and cross breaks are made 


in such a manner as to form right angles with each other and with the 


4 
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floor, as shown in figure 26. In some quarries the dip cuts are made 


with a channeler and the cross breaks by drillmg and wedging. If 
the rift is shght it may be desirable to make channel cuts m both 
directions. Inclined strike cuts may be made on a slanting floor 
with Sullivan “Z’’ or Ingersoll electric air machines. They operate 
on a level track with the channeling machinery inclined in such a 
manner as to make the strike cuts perpendicular to the dip as shown 
in Plate XI.¢ 

If beds are inclined at an angle and the quarry floor is maintained 
on a level it may seem desirable to quarry acute-angled blocks. In- 
clined marble beds may have a pronounced rift, or a color distribu- 
tion, or both, in a direction parallel with the bedding. Under such 
conditions, ease of splitting or a proper grading of material may 
oe require the strike cuts to be 





as shown in Plate XII, A. 
As a result, with a level 
quarry floor, and one set of 
channel cuts perpendicular 
to the strike, ‘‘monoclinic”’ 
blocks are produced. Such 


the quarry floor is inclined 


inclined to parallel the dip 


blocks are also formed if 


to parallel the beds and the > 


FIGURE 26.—Cuts by which blocks are separated from the strike cut is channeled ver- 


solid mass. a, Floor cut; 6, strike cut; c, dip cut. 


tically. ; 
As mentioned previously, a serious mistake is occasionally made by 
failing to make the quarry walls conform in direction with the strike 


of the rock. Under such conditions, inclined open beds will pitch — 


| 


| 


into one corner of the quarry, as shown in Plate VII, @ (p. 86). 
When a level floor is maintained, a separation parallel with the beds _ 


will pass obliquely with respect to the channel cuts, resulting in what 


have been termed “oblique”? blocks, shown in figure 24. Oblique | 


blocks may also result from a modification of the regular vertical and 


right-angled direction of channel cuts in order to parallel a system of | 


joints. 
“Triclinic’’? blocks are produced only under peculiar conditions. 


In one quarry previously mentioned the marble is quarried on a level | 


floor, the strike cut, which runs N. 5° W., is inclined 60° from the 


horizontal to parallel the dip, and the second channel cut is made in 
the direction N. 82° E., and is inclined 61° from the horizontal to | 


_parallel a pronounced system of joints. Thus the three pairs of faces | 


a Photograph supplied by the Sullivan Machinery Co. 
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A. METHOD OF QUARRYING MONOCLINIC BLOCKS. 





B. VERTICAL DRILL HOLES PARTLY CLOSED BY ROCK EXPANSION. 
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‘of the resultmg block meet each other at oblique angles to produce 
a “triclinic’’ form, as shown in figure 25. 


WASTE DUE TO ACUTE-ANGLED BLOCKS. 


As by far the greater proportion of ali structural material is right- 
angled in form, right-angled blocks are the most desirable and give 
a minimum of waste material. | 

When a monoclinic block is cut into cubic stock, angular corners 
are cut off and thrown into the waste heap. The excessive waste 
resulting from such a process is indicated in figure 27. Quarrying 

on an inclined floor, thus producing right-angled blocks, would greatly 
diminish the waste. 

That a greater proportion of waste must result from oblique blocks 

than from those of monoclinic form is shown in figure 28. If the 
oblique form results from a mistake in the original layout of the 
quarry, and if much cubic stock is desired, it is probable that a 





FIGURE 27.—Diagram showing waste resulting from cutting monoclinic blocks into cubic stock. 


change in the direction of channeling to conform with the direction of 
strike would be justified. 
No diagram is necessary to indicate that the triclinic block is even 
less economical than the oblique. 
The angle of obliquity has a direct bearing on the economy of 
quarrying. The acute angles may approach 90° or they may be 60°, 
45°, or even 30°. It is at once evident that the more acute the angle 
becomes the greater is the proportion of waste. The increase in 
waste due to increase in obliquity is especially pronounced when 
eubie stock is produced. 


JUSTIFICATION FOR ACUTE-ANGLED BLOCKS. 


It has been shown that with each increase in the number of oblique 
angles in a block of sound and uniform marble, provided the acute 
angles are of approximately the same size, there is a corresponding 
increase in the proportion of waste. The question arises, Is the 
production of acute-angled blocks ever justified ? 
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The nature of the product has an important bearing on this ques- 
tion. When the quarried material is cut into thin stock exclusively, 
slabs of uniform size may be produced from monoclinic blocks with 
little waste, as shown in figure 29. Except for the beveled edges 
that must be removed in coping, the waste is not abnormal. How- 


ever, it must be remembered that in sawing monoclinic blocks longer 


saws are required than for blocks of the same size in rectangular form, 
Also, if long blades are used, the cuts are liable to be irregular. 
Under certain conditions acute-angled blocks are the most econom- 


ical that can be quarried, especially if the material to be quarried is _ 


unsound or nonuniform. It is illogical to state that as acute-angled 
blocks do not as a rule cut to advantage their production should 
always be avoided. Usually economy demands that blocks be 
separated parallel with the prevailing rock structures, and these 
structures may not be in right-angled arrangement. ‘They may be 
so arranged that by quarrying in conformity with them, monoclinic, 





FIGURE 28.—Diagram showing waste resulting from cutting an oblique block into cubic stock. 


oblique, or even triclinic forms must result. Rock structures are 
fixed and unavoidable features, and many of them are undesirable in 
nature, distribution, and direction, so that the quarryman must 


modify his methods to make the best of them. Although in quarry- — 


ing sound marble right-angled forms are the most economical, m 
quarrying unsound or nonuniform material conformity with structure 
is of greater consequence than right angles. 

A concrete example will illustrate this point. In one Ati: of a 
certain quarry, color bands and jomts make oblique angles with each 
other and with the level quarry floor. Quarrying parallel with these 
structures results in the formation of triclinic blocks. Inclining the 
floor to make a right angle with either the color bands or the joints 


| 


would result in the formation of oblique rather than triclinic blocks | 


with a consequent small saving of material. However, the conditions 
described prevail over a small part only of the quarry, and as a 
consequence a change of floor attitude would not be justified. 
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_ If in this stance the quarryman had channeled vertically in two 
directions at right angles, and thus produced right-angled blocks, 
the undesirable color bands would have passed through the blocks 
diagonally in one direction, and the joints would have passed diayo- 
nally in another direction. Such blocks would probably be worthless. 
In other words the right-angled block would give the maximum of 
waste and the triclinic block the minimum. Thus under certain 
conditions the quarrying of acute-angled blocks represents the 
highest type of efficiency. 


GENERAL RULES GOVERNING SHAPE OF BLOCKS. 


Rules for the quarryman’s guidance may be summarized as follows: 
(1) Effort should be made to produce right-angled blocks, unless 
there is a valid reason for doing otherwise. 
(2) Quarrying on a level floor and splitting diagonally to form 
‘monoclinic blocks may be justified where much thin stock is pro- 
duced. If much cubic stock 
is desired, the quarryman 
should consider carefully the 
advisability of channeling on 
an inclined floor in order to 
produce right-angled blocks. 


(3) A direction of chan- 
: 2 : FIGURE 29.—Diagram showing smallamount of waste resulting 
neling that results in in- from cutting monoclinic blocks into thin stock. 


clined beds separated by : 
open bedding seams pitching into the corner of a quarry should by 
all means be avoided. The same is true of inclined beds that are 
not separated by open seams but have a decided rift or color dis- 
tribution parallel with the bedding. 

(4) As regards unsound or nonuniform material, although an 
effort should be made to avoid oblique angles, conformity of cuts 
with structure is, as a rule, more economical than right-angled cuts. 





IMPURITIES THAT CAUSE WASTE. 


The more common impurities in marble are: Silica, dolomite, pyrite, 


or marcasite, and mica. 
SILICA. 


The presence of flint or some other form of silica in marble beds is 
a source of waste in many places. Flint balls or lenses of silicious 
matter that are seemingly conformable with the bedding are prob- 
ably original constituents of the marble deposit. As mentioned in 
the section on marble imperfections, such occurrences are probably 
characteristic of all parts of the beds in which they appear. The 
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presence of flint balls in a marble bed should discourage any attempt 
at extensive excavation with a view to uncovering other parts of the 
same bed in the hope that flint may not be present. It is wiser to 
assume that such a bed is undesirable and to conduct quarry opera- 
tions in such a manner as to handle as little of it as possible. If 
silica is a secondary filling in cracks and cavities, it tends to follow 


the joint system, and consequently if the rules given for economical — 


quarrying in unsound marble are followed the silica may be largely 
eliminated with the unsoundness. ; 


DOLOMITE. 


Bands or lenses of dolomite are present in some marble deposits. — 


Although dolomite is just as desirable a form of marble as calcite, a 
mixture of the two is undesirable. Dolomite is harder and less 
soluble than calcite in ordinary atmospheric reagents. On the other 
hand, owing to the tendency of dolomite to occur in granular form, 
it frequently dissolves more rapidly than calcite. On exposed sur- 
faces differential weathering is likely to take place, and in time a 
pitted or otherwise nonuniform surface will result. Quarrying 
should be conducted in such a manner as to avoid those beds that 
show a mixture of calcite and dolomite unless the mixture is intimate. 


PYRITE AND MARCASITE. 


The effect of pyrite and marcasite on the quality of marble may be 
pronounced or it may be scarcely noticeable. ‘Those forms of either 
impurity that have a tendency to cause stains by weathering should 
be avoided in quarrying marble for exterior work. 


MICA. 


The presence of mica in marble is probably the result of the effects 
of metamorphism on interbedded clay. As clay bands are formed 


from stream deposits, they are near-shore phenomena. The marble- 
prospector should have a thorough knowledge of the geologic history | 


of his deposit. It is desirable that he should know the position of 
the shore line when the original beds that formed the marble were 
deposited. Other factors being equal, it is desirable to locate quar- 
ries at some distance from old shore lines in order to avoid as much as 
possible of the interbedded mica. ; 


WASTE DUE TO BAD COLOR. 


A great saving may be effected by close grading of nonuniform 








material. Shght changes of color from white to gray or from white | 
to bluish white may seriously detract from the market value of the | 


stone. ‘The reasons for such changes are obscure. They are prob- 


ably due to the presence of chemical impurities in small amount, | 


| 


» 
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If the impurities are original components of the marble and due to 


the peculiar conditions of limestone deposition, it follows, as in the 


case of flint, that the distribution of color will tend to be fairly con- 
stant in any one bed, and the greater variations will be found in 
passing from one bed to another. 


WASTE DUE TO STRAIN BREAKS. 


A condition of strain within the marble mass has in certain plazes 


‘caused so great a proportion of waste that the workings have been 


abandoned. The rock is under a severe compressive stress usually 


in one direction only. The process of quarrying relieves the stress 
at certain points, and the consequent expansion may cause fractur- 
ing. Furthermore the expansion of one mass that is still in rigid 


connection with the main mass still under compression may cause 
irregular or oblique fractures to form between the two masses. 
In order to avoid the excessive waste due to this cause steps should 
be taken to bring about relief by uniform expansion of as large a 
mass as possible at one time. To this end a line of closely spaced 
‘deep drill holes should be projected along each side of the quarry 
parallel with the direction of compression, and a similar line of holes 
should be projected across the quarry at right angles to the first line. 
~The rock will expand and close the holes in the latter line, and the 
strain will thereby gain relief. For a more complete discussion of 
the problem of strain breaks the reader is referred to pages 123-145. 


WASTE UTILIZATION. 
BY-PRODUCTS. 


Although the proportion of waste may be kept at a minimum by 

_ the adoption of economical quarry methods and efficient machinery 
_ there is always more or less unavoidable waste. The second phase 
of the problem of rock waste has to do with the various means of 
utilizmg the waste material. Many manufacturers in various lines 
of industry have found that the manufacture and sale of by-products 

| from otherwise waste materials have placed their industries on a 
profitable basis. The tremendous heaps of waste material found 
hear many marble quarries testify to the need of greater develop- 
ment along the line of waste utilization as well as waste avoidance. 
The difficulties in the way of such development are of various 


kinds. The need of a market for rock products hinders all activity 
- imsome regions. Local conditions may be such that the demand is 


small, and freight rates may be excessive. Lack of a market in 
other places may be due to the fact that although certain rock 
products are useful, the uses are unknown, and the demand is small 
until a campaign of public education has created an interest in them. 


~*~ 
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The nonutilization of waste may be due to lack of equipment. 
Available capital may not be sufficient to build or purchase the neces- 
sary tracks, kilns, crushers, or pulverizers for the manufacture or 
transportation of the various rock products. 


RIPRAP. 


One important use for waste marble is in riprap for shore protec- 
tion in rivers and harbors, for filling in piers, or for constructing rail- 
road embankments. The utilization of marble blocks for such pur- 
poses depends chiefly on freight rates. The chief item in production 
is the breaking of massive blocks into fragments of convenient size. 
This may be done by pop shots for the larger and hand hammers for 
the smaller blocks. 


THE BALL BREAKER. 


The cost of breaking may be greatly reduced by adopting a method 
introduced by an Alabama marble company. A breaker consisting 
of a steel ball weighing about 2 tons is employed. The bale is set 
in a cavity to avoid breakage. The ball is hoisted to a considerable 
height with the derrick, then tripped and allowed to fall on the 
marble block. The impact is sufficient to break large blocks into 
fragments of convenient size for handling. 

An iron sphere weighing about one ton was first employed. It was 
not strong enough to withstand the severe treatment, and was later 
replaced by a steel ball of double the weight. 

The spherical form first used was unsatisfactory, because the ball 
would roll and the bale was frequently at the bottom and difficult to 
reach. A pear-shaped form with the bale at the small end as shown 
in Plate VI, C,is now used. This form tends to keep the bale always 
in an available position. 

The ball can be handled- quickly and is less dangerous and less 
costly than blasting, as the expense of maintenance is low. 


LIME. 


Most marble waste makes excellent lime and a number of quarry 
companies have constructed batteries of kilns for making lime from. 
the waste. The present and the probable future demand and the 
price must of course be sufficient to justify the expenditure of the 
necessary capital for such an enterprise. ; 


FLUX. 


If smelting works are situated at a convenient distance so that 
freight rates are not excessive scrap marble may be sold for fluxing 
purposes. 


ee 
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IMPROVEMENT OF SOILS. 


It is doubtful whether either quarrymen or farmers realize how 
extensive are the areas of agricultural lands that need liming, or how 
numerous and diverse are the crops that may be benefited by the 
application of ground limestone or lime.* It is a popular error to 
assume that soils in limestone or marble areas do not need lime. 
Many soils that have been formed from limestone, are greatly in need 
of lime. It is beyond the scope of this bulletin to outline the geo- 
graphic areas in which lime is needed. Such information may be 
obtained from the various soil survey reports issued by the Depart- 


ment of Agriculture or by State bureaus carrying on experimental 


work of a like nature. These reports indicate that large areas of 


_ farming lands situated in marble regions are giving mediocre returns, 
although piles of material that would greatly increase the productive- 
ness of the soil lie unused in the near vicinity. 


Government reports state that a judicious liming of the soil vould 


_imcrease by a varying percentage the agricultural productiveness of 


nearly every State. Consequently, those quarrymen who have vast 
heaps of waste marble in convenient localities for distribution should 
attempt a campaign of publicity along such lines as will open this 


_market for their waste products and develop an industry mutually. 


beneficial to both quarrymen and farmers. 

Marble waste is being used for soil improvement in a few places, but 
not nearly as extensively as it might be used. Near quarries at 
Cockeysville, Md., the upper marble beds are decomposed to a fine 
powder which is sold as fertilizer without grinding or pulverizing. 
The slush from marble mills is an excellent material for this purpose, 


_ and requires no grinding. 


Marble for agricultural purposes should be finely pulverized. The 
general view is that the finer the material the better. It may be, 


however, that the expense of producing the finer grades may make it 


more economical to supply a larger amount of coarser material. It 
may be stated that at least 80 per cent of the ground rock should pass 
through a sieve having 100 meshes to the linear inch. 

Lime derived from burning limestone or marble in kilns is more 


effective in the soil than the pulverized rock. Also transportation 
costs less, as marble loses greatly in weight when burned, although 


no calcium is lost. There is the same amount of calcium in 2,000 
pounds of quicklime as in 3,550 pounds of marble. In other words, 


2 tons of pulverized limestone have approximately the same effect 
on the soil as 1 ton of quicklime. Thus it may be seen that by con- 


_ verting limestone to lime half the freight expense could be eliminated 
- and amore efficient product placed in the market. With the develop- 


aSee Wheeler, H. J., The liming of soils: U.S. Dept. Agr., Farmers’ Bull. 77, 1905, 23 pp; the main- 


a tenance of fertility; liming the land: Ohio Exp. Sta., Bull. 279, July, 1914, 22 pp. 
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ment of a wide and active demand for lime fertilizer it may pay to 
burn the waste marble into lime rather than to pulverize it. Quarry- 
men who now burn lime from their waste marble should endeavor to 
develop a market for all waste lime as fertilizer. 


TERRAZZO. 


For terrazzo flooring the crushed rock fragments should be some- — 


what cubical in shape and there should be a minimum of material 
in the form of flat flakes or slivers. Before installing a crusher for 
producing terrazzo, experiments should be made to determine the 
type of crusher that will give the maximum proportion of material of 
the desired form. Fine-grained white marble is in greatest demand 


for terrazzo, though there is a limited demand for black or other dark — 


colors for making borders or patterns. 
CEMENT. 


Although marble waste may under favorable conditions be used for 
the manufacture of cement, its use for this purpose is not usually 
practicable. The supply is inadequate for the manufacture of 
cement on a profitable scale. Only where cement plants are situated 
near marble quarries, and can use the marble waste to supplement 
their limestone supply, can such a means of utilization be profitably 
employed. 

ROAD MATERIAL. 


Crushed marble alone makes a good though not a very durable road. 


It pulverizes easily and, unless oil or asphaltic material is used, blows 
away as dust. When mixed with clay it is more durable. It can be 
used to advantage if more permanent materials are not available. 


RUBBLE. 


A limited amount of marble is used for foundation stone and 


retaining walls. Considerable labor is required to reduce the masses 


to convenient size and shape. The demand is in most places merely 


local and therefore limited. 


MISCELLANEOUS. 


Inferior waste material may be used to advantage for local improve- 


ment of quarry property. Hollows may be filled and the yard 


brought to a general level, new roadways may be constructed, or 


dams built to form water reservoirs. 
Certain quarries that use buckwheat coal for fuel, and are situated 


near large cities, sell their cinders to be used in place of gravel for _ 


concrete construction. This is a good illustration of the profitable 


use of material that many quarrymen would consider to be absolute 


waste. 
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STRAIN BREAKS IN QUARRIES. 
LOSSES DUE TO STRAIN. 


In many quarries in rocks of both sedimentary and igneous origin, 
at certain stages in the process of rock removal, expansion of the 
rock will take place, or irregular fractures will suddenly form, occa- 


sionally accompanied by subterranean noises. Such minor earth 


fracturing has been studied by scientists in an effort to obtain new 


light on earthquake problems. The economic aspects of the phe- 
nomena have been almost disregarded, although to quarrymen they 


are of prime importance. In many quarries a modification of meth- 
‘ods may become necessary owing to the interference of strain with 
_the successful operation of certam quarry tools. Of still greater im- 


portance is the fact that m a number of marble quarries the formation 


of the so-called ‘‘strain breaks’’ results in the waste of much valuable 


material. In recent years it has become necessary to abandon at 


least three marble quarries in widely separated localities because 
the marble which otherwise would have been valuable was rendered 
useless by excessive strain breaks. Such abandonment has occa- 
sioned the loss of thousands of dollars, and the excessive waste from 
the same cause in many other quarries now being worked has resulted 


in the loss of many thousands more. 


STRAIN CAUSES WASTE, NOT IMPAIRED QUALITY. 


_ As reference is subsequently made to particular quarries, one point 


_ must be emphasized in order that marble dealers or others may have 
“no misconceptions concerning the effect of ‘‘strain’”’ on finished 
marble. So far as is known, the so-called ‘‘condition of strain”? in 
_@ quarry in no wise detracts from the value of the finished product 


either in strength or durability. Whatever damage strain breaks 
cause to the rock is accomplished before the blocks leave the quarry 
floor and manifests itself in fracturmg and rending masses into irregu- 
lar forms which can not be worked to advantage. The strain causes 
waste and not impaired quality. 


EXTENT AND IMPORTANCE OF STRAIN, 


The occurrence of strain breaks is more general than was at first 
supposed. In view of the heavy losses sustained by several quarry 
companies, an inquiry into the manifestations and probable origin of 
strain breaks has been undertaken, and as a result of such investiga- 
tions new quarry methods are suggested tending toward a reduction 

in the proportion of waste from this cause. Various instances of 


strain phenomena recorded in literature are given in brief abstract in 


chronological order, and to these are added examples from the writer’s 
personal observations. 
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EXAMPLES OF STRAIN PHENOMENA RECORDED IN LITERATURE. 


One of the earliest references to the phenomenon is given in ‘‘The 
Miners Dictionary,’ by William Hooson, 1747, in which several in- 
stances are given of subterranean noises which have. greatly alarmed 
workmen. No attempt at explanation is given. The author states, 
‘Miners say that the knocking is some Being that Inhabits in the 
Concaves and Hollows of the Earth; and that it is thus kind to some 
men of suitable tempers, and directs them to the Ore by such its 
knocking.” 

In 1854 Johnson described strain in the Portland sandstone 
quarries near Middletown, Conn. If a uniform channel -was cut 
across the beds in an east-west direction, when the opening reached 
a point near the bottom of a bed, pressure acting in a north-south 
direction would suddenly crush into fragments the remaining part. 
An expansion in the rock mass of three-fourths of an inch is men- 
tioned, but no reference is made to the length of the mass that thus 
expanded. When a bed was channeled north and south no such 
compression could be observed. The author states that the rocks — 
are ‘‘not perfectly at ease in their ancient bed,’ but attempts no 
explanation. 

In 1871 Niles® described movements and expansions of gneiss as 
noted in a quarry near Monson, Mass. The strike of the planes of 
foliation is given as N. 10° E. and the dip as N. 80° W. at an angle 
of 80°. Cross joints are rare. The rock appears to be under com- 
pression in the direction of strike. It was found that fracturing 
could be prevented by channeling the rock across the strike. A 
mass of rock 354 feet in length expanded 14 inches when broken 
loose. The formation of fractures was accompanied by loud reports, 
and the projection of dust and rock fragments into the air was noted. 

These phenomena are later described by the same author? in 
ereater detail. Additional evidence is presented that the rock dis- 
cussed is clearly under compression and, when freed, expands. 

Three years later Niles @ described a condition of strain in various 
localities and deduced certain conclusions from these occurrences. 
The records are briefly summarized in the following paragraphs. 

Niles states that in the sandstone quarries of Berea, Ohio, there is 
evidence of a strong horizontal compressive stress in a north-south 
direction but none east and west. The process of quarrying requires 

a Johnson, John, Notice of some spontaneous movements occasionally observed in the sandstone strata 
in one of the quarries at Portland, Conn.: Proc. Am. Assn. Adv. Sci., vol. 8, 1854, p. 283. . 

b Niles, W. H., Some interesting phenomena observed in quarrying: Proc. Bos. Soc. Nat. Hist., vol. 14, 
Pe H., On some expansions, movements, and fractures of rocks observed at Monson, Mass.: 
Proc. Am. Assn. Adv. Sci., vol. 22, 1873, pt. 2, p. 156. 


d Niles, W. H., The geological agency of lateral pressure exhibited by certain movements of rocks: Proc. 
Bos. Soc. Nat. Hist., vol. 18, 1875-76, p. 272. 
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channels to be cut at intervals. In quarries with a northerly and 


southerly working face the channels are cut east and west. When a 
bed has been channeled nearly through, the stone at the bottom of 
the channel cut is broken and crushed by the lateral pressure, and 
the width of the channel is perceptibly decreased by expansion of 
the adjacent rock. As such crushing renders a portion of the stone 
worthless for structural purposes, it was found advisable to cut the 
trenches in short sections in order that the crushing should be con- 
fined to limited masses. The expansion and fracturing has been 


noted at all seasons of the year and hence is seemingly independent 


of temperature changes. The belief has been general that the pres- 


sure was produced by the weight of the adjacent overlying rock. 


The author points out, however, that the lateral compression ob- 


served could not result from vertical pressure on adjacent parts of 


the beds. 

In the Lemont (IIl.) limestone quarries it was noted that in certain 
places where potholes crossed the boundary between adjacent beds, 
as a result of the slipping of one bed on the other the upper parts of 
the holes were offset with respect to the lower parts. An arching 
of the rock in an anticlinal fold with east-and-west axis was also 
observed. This again indicated compression in a north-and-south 


direction. These movements do not perceptibly vary with tem- 


“ <a 


perature changes. 

In a granite gneiss quarry at Waterford, Conn., where drill holes 
were made very near each other, the intervening parts of rock were 
often crushed, and, by expansion of the rock, the drill was so pinched 
that it could not be operated. The compressive force was in a 
northeast-and-southwest direction. 

Evidences of compression were also noted in quarries at Groton, 
Conn. 3 

The number and distribution of these occurrences lead the author 
to conclude that they are due, not to local or external forces nor to 
peculiarities of composition or metamorphism of the rock mass itself, 


but to ‘the continued action of the same geological power which has 


been the chief agency in the elevation of continents and mountain 
systems.”’ He likens these fractures and movements to earthquake 


shocks on a small scale. The tendency toward a north-and-south 


direction of compressive stress points to a great continental stress in 
this direction. The gentle undulations that may be noted in the 


| alternate elevation and subsidence of the Atlantic coast from Green- 


land to Florida are in his opinion the evidence of slight foldings result- 
ing from this compression. 
Gilbert * discovered several postglacial anticlinal ridges in the hori- 


zontal limestones of Jefferson County, N. Y., and in the slates near 


@Gilbert, G. K.. An account of some new geologic wrinkles: Am. Jour. Sci., 3d ser., vol. 32, 1886, p. 324. 
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Dunkirk, in western New York. He attributed the expansion that 
caused such arching to the warming up of the surface rocks as they 
recovered from the cold of the glacial period. 

Strahan @ describes what he terms “explosive slickensides”’ in cer- 
tain lead mines of Derbyshire, England. The walls of the lead veins 
are rubbed and polished as though moved while in violent contact. 
When struck or scratched with a pick the wall in many places will — 
break or explode with violence, throwing blocks to a considerable 
distance. Undercutting of the vein wall has the same effect. His 
conclusion is as follows: ‘“‘The explanation which perhaps best satis- 
fies the requirements of the problem appears to be that the spars are 
in a state of molecular strain, resembling that of the Rupert’s drop,’ 
or of tempered glass, and that this condition of strain is the result of 
the earth movements which produced the slickensides.”’ 

Hughes © refers to similar phenomena in a limestone quarry at 
Dent Head, and a tunnel at Ribble Head, in Yorkshire, England. He 
attributes the fracturing to the fact that the limestone rested on 
shale. When an excavation was made leaving only a thin layer of © 
limestone over the shale, the weight of the overlying limestone on 
either side was sufficient to cause the shale to flow, after the manner 
of a viscous fluid, toward the region of reduced pressure. This caused 
the rock to arch up in the bottom of the quarry. When the brittle 
rock was thus arched it would break and fly when further excavation 
was attempted. | 

Gresley ° describes explosive fracturing of coal in the mines of 
South Staffordshire, England. The explosions are termed*‘ bumps,” ” 
and are-said to be of frequent occurrence during the process of exca- 
vation, causing many tons of coal to fall down at the working face. 
Various subterranean rumblings have also been noted. He attrib- 
utes such phenomena to “the upsetting by the excavation of the 
equilibrium of the strains or pressure holding everything fast and 
firm together—the removal of the support, thereby causing the rocks 
to get relief ape to fly off or syennineay to eas He terms such_ 
explosions as “miniature earthquakes.” . 

Cramer ¢@ describes an interesting anticlinal uplift j in the bed of the 
Lower Fox River near Appleton, Wis., which took place immediately 
beneath a long stone mill, resulting 1 an arching of the floor and 
roof with consequent displacement of machinery and cracking of the 
walls.. Two miles distant, at Kaukauna, Wis., the rock between 
two parallel joints 30 feet apart became arched as a result of com- 
pressive stresses. The rock in a zone about 2 feet wide on each side — 

> Hughes, T. McK., Bursting rock surfaces, Geol. Mag., vol. 4, Dec. 3, 1887, p. 511. 


¢ Gresley, W. S., Re “ Explosive slickensides:’’ Geol. Mag., vol. 4, Dec. 3, 1887, p. 522. 
dCramer, Frank, On recent rock flexure: Amer. Jour. Sci., ser. 3, vol. 39, 1890, p. 220. 
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of the joints was splintered by the pressure. No explanation is pre- 


sented, though the author refers to Gilbert’s suggestion that such 
phenomena may be due to expansion caused by a rise in temperature 
after the disappearance of ice from glacial regions. 

Reade ® discusses various references to strain. He cites many in- 


stances of recent changes of level in the surface of the earth and con- 


cludes that from ‘‘the prevalence of these vertical movements in 


recent geologic times it is obvious that the subsidence of a low arch 


of elevation must tend to put the surface rocks into lateral com- 
pression.” This state of compression may be influenced by the 
presence of joints and faults. The fact that conditions of lateral 


compression are recorded as unusual raises a strong presumption 


that tangential thrust arising from a shrinkage of the earth’s nucleus 


isnot the agent. He concludes therefore that the phenomena are due 


to the changes of level mentioned above. 

A more complete examination of the anticlinal arch at Appleton, 
Wis., was obtained when the water was removed from part of it and a 
further description was given by Cramer ® in 1891. He records 
several other instances of strain breaks in quarries of that vicinity. 
The direction of fracturing is highly variable, and seems to be deter- 


mined rather by the means of relief than by the preponderance of 


pressure. He concludes that the rock is under compression ‘‘in all 


directions.” A set of anticlinal ridges parallel with the strike of the 
Corniferous limestone beds at Lime Rock in Genesee County, N. Y., 


are, however, attributed to rock collapse produced by solution and 
removal of salt and gypsum from the underlying beds. 


Gilbert ° describes anticlinal ridges 6 to 8 feet high in the Devonian 


‘shale of Ripley township, in western New York. He notes similar 
anticlinals in the Devonian shale of northwestern Ohio and in the 


Trenton limestone in northern New York. He reiterates his former 
contention that all are to be attributed to expansion due to post- 
glacial rise in temperature. 

Matthew ? describes numerous thrust faults in the slates near 


St. John, New Brunswick, the most probable cause of which he gives 
_as lateral thrust from the southeast. 


Chalmers ¢ describes numerous thrust faults in the slates of south- 
eastern Quebec. They all occur near mountains or resisting masses 





a Reade, T. M., The cause of active compressive stress in rocks and recent rock flexures: Amer. Jour. 
Sci., ser. 3, vol. 41, 1891, p. 409. 

Btasier, Frank, On the’ rock fracture at the combined locks mill, Appleton, Wis.: Am. Jour. Sci., 
ser. 3, vol. 41, 1891, pp. 432-434. 

¢ Gilbert, G. K., Postglacial anticlinal ridges near Ripley and Caledonia, N. Y.: Am. Geol., vol. 8, 1891, 
pp. 230-231. 

d Matthew, G. F., Movements of the earth’s crust at St. John, New Brunswick, in postglacial times: New 
Brunswick Nat. Hist. Soc. Bull. 12, 1894, pp. 34-42. 

é€ Chalmers, R., Report on the surface geology and auriferous deposits of southeastern ‘Quebec: Geol. 
Survey of Can, Ann, Rep., vol. 10, 1898, pt. J, pp. 9-12. 
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of rock and are attributed to a pushing of the beds against such 
masses, to a sinking of the resisting masses by cooling and contrac- 
tion, or to both. 

Campbell @ has described a fold in sandstone which he attributes 
to processes of weathering. The increase in volume by weathering 
causes a forcing apart of joints and cleavage fissures. The process 
is assisted by thermal expansion and contraction by freezing of 
water in the joints and by the force of growing roots. The cumula- 


tive effect of such forces in many joints produces rupture and arching 


at a point cf weakness. 

Beard © intimates that gas escapes into coal mines as a result of 
earth movement, and in this connection shows that many mine 
explosions are contemporaneous with earthquake shocks. 

Woodworth ° states that thrust faults of recent date occurred near 
Troy, N. Y. He notes several brick and stone structures resting on 
the rock, which are fractured and faulted, showing that faulting has 
occurred since the structures were built. Similar faults were noted 
in Rensselaer, Defreestville, and Pumpkin Hollow. The whole series 


is attributed to a mountain-building thrust similar to and in the ~ 


same direction as that which formed the mountains of the region. 
Reference is made also to postglacial faults in Quebec, Massachusetts, 
and New Hampshire. 

Dale @ describes a state of compression in granite quarries of Waldo, 
Hancock, Kennebec, and Lincoln Counties, Me. He also cites the 
observations of Gilbert at Lithonia, Ga., and reproduces a photograph 
of an anticlinal arch formed by compressive stresses in the granite 
of this region. The same author ¢ describes the arching of Vermont 
granite under compression. Under a later date he describes’ in 


detail the compressive stresses in..,various Vermont granites, and — 


gives the direction of compression of each. At Bethel the direction 
was east-west, at Barre, chiefly north-south, at Woodbury, northeast- 
southwest, at Groton, in all directions, at Ryegate, east-west, at 
Dummerston, N. 10° E. to S. 10° W. ‘The effect of the strain is to 
close channels and crush cores between drill holes. 

Van Horn 9 refers to a series of anticlines in the Chagrin shales of 
Cleveland, Ohio, which he attributes to the increase in volume that 
results when iron sulphide contained in the shales alters to iron 
sulphate and alum-like compounds. 





a Campbell, D. F., Rock folds due to weathering: Jour. Geol., vol. 14, 1906, pp. 718-721. 
b Beard, J. T., Colliery explosions and their causes: Eng. and Min. Jour., vol. 83, 1907, pp. 1051-55. 


¢ Woodworth, J. B., Postglacial faults of eastern New York: New York State Museum Bull. 107, 1907, | 


pp. 5-28. 
d Dale, T. N., The granites of Maine: U.S. Geol. Survey Bull. 313, 1907, pp. 34, 42, 121, 142. 
e Dale, T. N., Chiet commercial granites of Massachusetts: U. 8. Geol. Survey Bull. 354, 1908, p. 25, B. 
f Dale, T. N., The granites oi Vermont: U.S. Geol. Survey Bull. 404, 1910, pp. 17-18. 
g Van Horn, F. R., Local anticlines in the Chagrin shales at Cleveland, Ohio: Geol. Soc. Am. Bull., vol. 
21, 1910, pp. 771-773. 


ee 


STRAIN BREAKS IN QUARRIES. 129 


_ Lawson @ describes a series of postglacial thrust faults in Archean 


‘slates near Banning, Ont. He attributes these and similar thrust 


faults to volume change in the surface rocks brought about by 
chemical or temperature changes. 


EXAMPLES OF STRAIN PHENOMENA OBSERVED IN FIELD WORK. 


Other examples of strain phenomena noted by the writer during 


the field season of 1914 are described below. 


In a quarry near Knoxville, Tenn., the strike of the marble beds 
is N. 55° E., and the dip 35° to 40° SE. Slip jomts appear par- 
allel or nearly parallel with the bedding. Im certain parts of the 


) - quarry zones of parallel joints run N. 40° to 50° W. The rock is 
subjected to a severe compressive stress approximately parallel with 
_ the strike. Great difficulty is experienced in separating the blocks 


without irregular fractures. Much valuable stone is lost by frac- 
turing into angular pieces during the process of quarrying. A dis- 


tinct though small earthquake shock is reported by a quarryman to 


have occurred a few years ago within half a mile of this quarry. 


This was probably only another manifestation of the condition of 


strain within the rock. In this instance it exceeded the elastic limit, 
and sudden fracture and displacement occurred. 
A blue-marble quarry situated about a mile and a half north of 


Florence, Vt., has had some trouble with strain breaks though no 


details were procurable. Other quarries near the same locality have 
suffered severely from the same cause. One quarry was abandoned 


because the strain breaks destroyed so much rock that excavation 


could not be conducted with profit. The rock is above the average 
im soundness, masses 35 feet in length having been quarried for 
columns. 

A quarry near Clarendon, Vt., had to be abandoned on account of 
excessive strain breaks. When the author visited the quarry the 
pit was full of water. The structure as described by Dale ® is as 
follows: The beds strike N. 10° W. and dip 42° W. At least one bed 


is crossed by a slip cleavage. Joints strike N. 35° W., and dip 45° 


to 55° W. The rock has a distinct rift parallel with the bedding. 
When an opening of considerable depth was made near the eastern 
end of the excavation a violent fracture occurred which shook houses 
in the vicinity and frightened the workmen so that they could not be 
induced to reenter the pit for several days. The fractures took place 
toward the west and thus ran downward on the rift, destroying the 
rock to such an extent that the pit was abandoned. 


a Lawson, A. C., On some postglacial faults near Banning, Ont.; Seism. Soc. Amer. Bull., vol. 1, Decem- 


ber, 1911, p. 159. 
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A quarry not far distant was affected by similar, though less exten- 
sive, strain breaks. In this quarry the beds strike N. 55° to 60° E., 
and dip 25° N. 33° W. They are crossed by cleavage dipping 25° E. 
The direction of strain was not ascertained. 

The granite at Vinal Haven, Me., lies in sheets 2 to 5 feet thick. 
Vertical joints are rare. In quarrying out a floor it has been found © 
that if all material is removed from the upper surface of a sheet 3 feet 
thick and 50 feet long, the sheet will arch at least three-fourths of an 
inch in the center. When one end is set free by channeling it will 
settle back into its original position. | 

In a quarry near Woodbury Center, Vt., a condition of strain — 
resulted in a minor accident. The projection of a row of horizontal 
drill holes formed a plane of weakness, and owing to mternal strain 
a mass of rock broke lose and struck a driller’s hand with sufficient 
force to cause a flesh wound. 

At Stonington, Me., in certain granite quarries the channel-bar 
method can not be employed to obtain a heading, as when holes are 
drilled close together the strain is sufficient to crush the parts of 
rock between the holes and to jam the drills. To avoid this difficulty 
a 2-foot channel is made by drilling and blasting. It is stated that 
when a mass of rock 50 feet long is set free at one end it will stretch 
three-fourths of an inch. 

At Lithonia, Ga., the granite forms anticlinal arches. by compres- 
sion. One of these arches observed by the author was about 30 feet 
across and was raised so as to leave an open space beneath about 14 
inches high. 


GENERAL ANALYSIS OF STRAIN BREAKS RECORDED. 


An analysis of all the examples noted and the explanations given | 
by various authors points to the conclusion that by far the greater — 
majority of all serious strain breaks in quarries are in reality minor 
earthquakes and must therefore be attributed to the same causes 
as earthquakes. The case recorded above of a strain break in a 
Vermont marble quarry of such intensity that it shook structures” 
in the immediate vicinity is a striking example of the identity of | 
strain breaks with earthquakes. 4A 

It seems probable that strain breaks in general are not to be 
attributed to local causes but to great and far-reaching forces. | 
Most of the explanations given above are in accordance with this | 
hypothesis. Explanations opposed to the hypothesis are as follows: | 

Both Gilbert and Lawson give as a probable explanation a rise in | 
temperature following the removal of glacial ice. Although this is a_ 
possible cause, and may be contributory, its acceptance as the | 
chief cause is discouraged by the fact that in regions in Georgia and _ 
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Tennessee that are beyond the limits of glaciation are strain breaks 
seemingly similar to those in New England. 

Hughes’s theory of rock flowage in a plastic layer paneer a lime- 
stone bed is of local application only, as in most stone quarries no 
such plastic layer exists. 

Cramer’s theory of displacement by collapse due to subterranean 

solution is also of local application only. 
The hypotheses of Campbell, of Lawson, and of Van Horn that 
buckling is due to expansion as a result of the chemical or physical 


changes which accompany weathering may apply to a few localized 


_ superficial strains, but not to a condition of strain at depth. 

In addition to the hypotheses mentioned above it seems probable 
_ that temperature changes may cause local expansion of rock, as for 
example the arching of granite, which has been noted at Lithonia, 
Ga. Merrill * refers to the results of tests made at the Water- 
town Arsenal which indicate that rocks do not completely recover 
_ after expansion, but assume a permanent ‘‘set.’’ Repeated expan- 
~ sions and contractions by diurnal or seasonal changes in temperature 
may therefore cause a gradual expansion of surface layers with con- 
sequent arching. Changes of. temperature are slight at a short 
distance beneath the surface, and consequently it is unlikely that a 
state of compression deep withm quarries can be attributed to this 
cause. | 
All the other explanations offered in the preceding pages have a 
more or less direct bearing on the theory that the majority of strain 
breaks are due to the great forces of nature that build mountains 
and continents, and produce earthquakes. 
7 Dale ® states that the cause of the strain observed in certain eastern 
_ Tennessee marble quarries is the same as that which produced the 

Appalachian folds, and which operated both parallel and at rght 
angles to the axes of the folds, the former only bemg operative at 
present. 


RELATION OF EARTHQUAKES TO STRAIN BREAKS. 


| Milne ¢ divides earthquakes into two groups, the macroseismic or 

great disturbances, and the microseismic or minor shocks. The lat- 
ter are described as ‘‘settlements and adjustments along lines of their 
(the greater earthquake’s) primary fractures,” and are confined to 
areas of a few miles’ radius. He estimates the number of the latter 
as at least 30,000 a year for the entire earth. 

Hobbs ? has pointed out that constant adjustments and changes 
of level are taking place in the earth’s crust, as evidenced by post- 








@ Merrill, G. P., Stones for building and decoration, 1903, p. 478. 

b Dale, T. N., The marbles of eastern Tennessee, unpublished manuscript. 
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glacial faults and known variations in altitude of certam geographic — 


areas, with respect to sea level. Such gradual changes are termed 
‘‘bradysisms.” He refers to the common occurrence of subter- 
ranean rumblings, ‘‘brontidi,” which are not accompanied by sensible 
earthquake shocks. These are attributed to slow adjustments of the 
earth’s crust, such adjustments taking place as frequently repeated 
slight displacements rather than as gradual movements. 

Chamberlain @ claims that the earth acts like an elastic, rigid, crys- 
talline body in which strains accumulate until they reach an intensive 
stage, and then yield either to slow movements of great magnitude, 
as illustrated by various changes in level, or by sudden, swift, non- 
continuous movements of less magnitude, as earthquakes. 

Gilbert > states that earthquakes are of two types, as follows: (1) 
The tectonic, those arising from subterranean mountain building 
forces, and (2) the volcanic, those resulting from the movements of 
lavas. The former are the more important, especially in the United 
States. The tectonic process is briefly described by him as follows: 

In the formation of mountains and other great features of the earth the rock masses 
are forced into new shapes. They are pulled, pushed, twisted, and bent, so that 
strata, for example, which were originally flat, become inclined and curved. If the 
changes are sufficiently slow, the component particles of the rock readjust themselves 
eradually; but if the changes are comparatively rapid, the rocks are broken. Before 
fracture occurs there ts elastic yielding or ‘“‘strain;’’ that is, the rock is compressed or 
stretched or bent somewhat like a spring; and when its strength is at last overcome 
the dissevered parts recoil. This recoil is instantaneous, violent, and powerful, and 
is in the nature of a jar. 


As a result of observations of earthquakes in Panama, MacDonald ° 
concludes that they are manifestations of relief from strain. The 
noises resembling ice fractures on a cold morning appeared to be 
‘‘due to the formation of small shears or strain-relieving cracks in 


the rocks.”’ 
ORIGIN OF THE STRESSES. 


Deformation of the earth’s crust is constantly taking place. Acting 
under the force of gravity the earth’s shell suffers collapse and buck- 
lng. According to the isostatic hypothesis it is assumed that the 
continents with their plateaus and mountains are composed of and 
deeply underlaid by lighter matter than the sea bottoms and there- 


fore stand higher because they float higher. A variation in load due 


to erosion and deposition causes an undercurrent or flow of roci: 
material from the area loaded toward the area denuded. Opposed to 
the isostatic theory is that of high rigidity within the earth’s crust, 


a Chamberlain, T. C., Diastrophism and the formative processes: Jour. Geol., vol. 21, November-Decem- 
ber, 1918, p. 681. 


6 Gilbert, G. K., The cause and nature of earthquakes: Min. Sci. Press, vol. 92, April 28, 1906, p. 272. 
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a rigidity sufficient to sustain mountains and continents in higher 
position than sea bottoms merely by lateral thrust. 

. According to the former hypothesis the flow of rock from one point 
to another is resisted by rock rigidity, and a condition of internal 
strain results. Dutton states that one of the probable causes of 
many earthquakes is the tendency of the earth to recover its isostatic 
equilibrium when, by denudation, transportation, and deposition of 
vast masses of material, this condition of equilibrium is destroyed. 
The theory of high rigidity, on the other hand, assumes that thrust 
rather than flow causes internal strain. Whatever may be the cor- 
rect theory the fact remains that changes of level are of constant 
occurrence, and strains varying in intensity and direction are the 
result of such adjustments. 


ACTION OF ROCKS UNDER STRESSES. 


In order to describe the behavior of rocks under stress some princi- 
ples of earth physics must be emphasized. Hoskins ° states that 
‘‘a body is strained when the relative positions of its particles undergo 
any change.’ If the limit of elasticity is exceeded, the change will 
become permanent—that is, the body will not assume its original 
form when the force is removed. This permanent change of form 

_may find expression in fracture or in flowage, depending upon plas- 
ticity. If fracture results, earthquakes of greater or lesser intensity 
are produced. 
When plasticity overcomes elasticity flowage will take place rather 
than fracture. This condition is illustrated by the somewhat intri- 
_ cate folding in many mountainous regions. Chamberlain ’has shown 

that deformation having the aspect of plastic deformation may take 
place by a process of granulation and progressive recrystallization. 
Such a process undoubtedly does take place in marble, as evidenced 
_ by the extreme recrystallization. 

The matter of supreme iniportance in this discussion is, however, 

the state and action of the rock under stress within the elastic limit. 
_ If the limit of elasticity has not been exceeded the body will recover 
| its natural configuration when the stress is removed. That rocks 
_are both compressible and highly elastic has been clearly shown by 
_the numerous examples of automatic recovery from strain referred 
_ to in previous pages, and has been proven in the laboratory by the 
_ experiments of Adams and Coker.? A condition of strain within the 


| 


elastic limit is that condition which quarrymen call “strain.”” The 
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latter term includes also all permanent deformations. For the sake + 


of simplicity the term ‘‘strain’”’ 1s subsequently used in the sense 
of strain within the elastic limit. This is the condition of rock 
masses that has led to such disastrous losses in many marble quarries. 

The exact relation of elasticity to plasticity of rocks under varying 
conditions has a direct bearing on the permanence of strain. Rudzki 4 
states that the elastic force with which a body resists a deforming 
force diminishes with time. Hobbs? in applying this principle to 
rock folds concludes that the period of time covered by the evolution 
of a fold may be sufficiently long to permit the resistance within the 
mass to fall. If this conclusion is correct, we may expect that after 
a great lapse of time plasticity will overcome elasticity and equilib- 


rium will be attained by folding without fracture. Folding may thus © 


take place within what is usually termed the zone of fracture if the 
process is sufficiently gradual. If, however, nature’s process hastens 
the operation beyond a certain ‘“ 

Thus it would appear that after a tremendous lapse of time per- 
manent deformation may take the place of strain, and a state of 


perfect equilibrium be attained. No strain breaks would occur in ~ 


quarries situated in such masses. It might be concluded that 
marble deposits that have not visibly suffered mountain-building 
movements since Cambrian or other early geologic age would have 
attained such a state of rest, and would therefore be free from strain. 

It is possible that strain is more common in regions where intense 
folding is of comparatively recent age. The examples of destructive 


strain in marble so far observed are all to be found in the Appalachian — 


belt, which was folded toward the end of the PaleoZoic era. No hard 


and fast rule can be given, however, because, as already pointed out, — 
ever-varying earth movements may cause internal stresses anywhere 


and at any time. 


Rudzki’s principle further states that temperature has a decided — 


influence on plasticity, an Increase in temperature resulting in a corre- 


sponding increase in plasticity. The effect of overburden is to in- 
crease the temperature and therefore to increase the plasticity. 


Denudation lowers the temperature, decreases the plasticity, and 


therefore increases the tendency to fracturmg rather than to de-— 


speed limit,” fracture must result. — 


formation by flowage. In surface rocks, consequently, the relaxa- _ 
tion time is great, and a condition of straim may exist ages after the © 


initial force has been exerted if the force tending toward deformation — 


has remained constant. - 


The foregoing discussion indicates that a strain may be inherited _ 


from a former geologic era, possibly accounting for a condition of 


a Rudzki, M. P., Physik der Erde, Leipzig, 1911, pp. 232-233. 
b Hobbs, W. H., Mechanics of formation of arcuate mountains: Jour. Geol. vol. 22, 1914, pp. 193-194. 
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strain in some isolated rock hills to which it seems impossible to 


some scientists that present forces can transmit their effects. It is 


conceivable also that rocks now at the surface were formerly deeply 
buried and subjected to such intense pressure from superincumbent 


material that they were forced to assume a smaller volume. Proc- 


esses of denudation gradually brought these masses nearer to the 
surface, where the residual strain might find expression in shock 


fracture, or where a means of relief in the form of strain breaks was 
obtained through quarry operations. 


THE LIMITATIONS OF STRAIN. 


As these forces are so far-reaching and constant, it might be 


expected that strains would be almost universal. One explanation 
that they are not is the limited cubic compressibility of rocks. 


When strain in a granite is relieved, an expansion ef three-fourths 
of an inch over a length of 50 feet is perhaps a fair illustration of the 


compression possible without rupture. It is evident, therefore, that 
little lateral movement is required to bring relief. Most rocks are 


intersected by joint planes, which permit the necessary movement to 


give relief from pressure. It is significant that quarries having con- 


‘siderable unsoundness have little or no strain. There is, therefore, 
some consolation in the fact that these two great evils are not likely 
to occur in the same quarry. 


Strain in one direction only has been noted in a number of localities. 


In some places the great earth stresses may be in one direction only. 


‘In others it seems probable that strain is produced because rocks can 


find no relief in’ one direction, but are free in all other directions. 


It is significant that as regards most rocks having a steep dip, the 
‘strain is parallel with the strike and no strain is apparent across the 


strike. A slipping of the beds one upon another may give the 


necessary relief in the transverse direction, whereas parallel with the 


strike the absence of joints or planes of weakness may afford neo 
such slipping. In a Tennessee quarry the strain is approximately 


| 


parallel with the strike and there is evidence of slipping parallel with 


the beds, which gives the necessary relief in the transverse direction. 


EFFECT OF QUARRYING ON STRAIN. 


In quarries in which strain exists the internal strain-stress rela- 
tions may be complex. Various forces are acting and reacting, and 
their total result is a condition approximating equilibrium. The 
fact that a condition of strain exists within the limit of elasticity 
indicates that true equilibrium has not been attained. According to 
Rudzki’s principle, the elastic resistance of the rock is gradually 
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diminishing and slow permanent deformation is constantly going on. 
As a result of excavation the approximate equilibrium is thrown out 
of balance locally. If we could imagine all stresses except the down- 
ward force of gravity ceasing simultaneously, we could conceive of 
the strained rock recovering its natural configuration without rup- 
ture. Even then the realignment of particles in a thick bed could 
scarcely take place rapidly without fracture. In the stone quarry 
the conditions are more extreme. The strain-stress relations are 
disturbed in a limited region only. 

Before excavation is begun a stress that tends to deform the rock 
is balanced by the resistance of the rock plus the weight or lateral 
pressure of other rock masses. When these masses are removed the 
resistance of the rock alone is not sufficient to withstand the deform- 
ing stress, and fracture results. This is clearly illustrated by the 
examples previously given of the crushing of rock at the bottom of 
channels in the Portland and Berea sandstone quarries (pp. 124-125). 
Such fractures are the result of compression. 

Strain may manifest itself in other ways. At some stage in the 
process of cutting a block of marble free the support that holds it in 
compression may no longer be sufficient and the block expands. As 
it is still rigidly connected with the main rock mass, which remains 
under compression, no considerable expansion can take place without 
fracturing between the two masses. Such fracturmg may be in the 
nature of shearing, with an even break between the two masses and 
lateral displacement. 

Thus it is established by theory, which unfortunately has been con- 
firmed by practice in many places, that in quarries where strain exists 
the successive separation of small masses from the main quarry rock 
generally results in the formation of fractures, producing excessive | 
waste. Some new method of quarrying must be found if this waste 
is to be reduced. 


BASIC PRINCIPLES LOOKING TO REDUCTION OF DAMAGE FROM STRAINS. 


The following basic principles looking to a solution of the problem 
have been established: (1) The causes of strain are not to be found ~ 
in mere local conditions such as the weight of a near-by hill or the 
process of surface weathering. Strains are manifestations of the — 
great geologic forces that build mountains and cause earthquakes. 
(2) In every observed instance of strain the rock has been under 
compression. (3) The compression is usually in one definite direc- 
tion. (4) The only way to remove the strain is to bring about 


expansion of the rock to its normal volume. (5) If the strain ona 
small mass of rock is relieved, it expands independently of the main _ 


mass, with consequent fracturing; therefore relief from strain should 
be sought for a large mass at one time. 
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The principles outlined indicate that some means should be found 
to cause uniform expansion of a large mass of rock at one time in 
such a manner as to reduce to a minimum the occurrence of irregular 
fractures. between the mass set free and the main quarry rock. 
When the strain has been relieved the mass can be quarried without 
fear of fractures. The first step to be made in quarrying rock under 

strain is to determine the direction of compression. In most instances 
quarrying will already have been done, as otherwise the condition of 
strain will not have been revealed. It is usually easy to determine 
the direction of compression by noting the direction of movement 
of the loosened blocks with reference to the main mass. The lateral 
displacement of drill holes or other marks will indicate the direction. 

In order to bring about the necessary relief an opening should be 

made at right angles to the direction of compression. Expansion of 


the rock will manifest itself by a gradual narrowing of this space, 


and the rock will thereby find relief from strain. The opening should 
be of sufficient width to allow complete relief by expansion and of 
sufficient length and depth to free a large mass of rock at one time. 
_ A channeling machine would probably give poor results, as an open 
cut gives too ready a means of relief. The pressure would tend to 


close the cut immediately and to jam the bits, and only a small mass 


of rock would be freed. Also the opening should in most instances 
be deeper than a channeling machine can cut. Drilling a row of close 
holes would probably afford the best means of relief. The compres- 
sive force would gradually crush the rock remaining between the 
drill holes, close up the holes, and thus relieve the strain. The pres- 
ence of these supporting cores would prevent a too rapid closing, and 


_would thus allow uninterrupted drilling. 


If the direction of compression is parallel or approximately parallel: 


with the quarry walls the quarryman is fortunate. Rows of deep 
vertical holes should be drilled along both quarry walls parallel with 
this direction. The holes should be deep enough to pass entirely 


| 


through the bed if the latter is horizontal or nearly so, and if open 
or weak bedding planes occur. In massive or steeply inclined beds the 


holes should be at least 12 feet, and preferably 15 or 20 feet deep. Con- 


venient sizes are 13 or 2 inches in diameter. The width of rock inter- 
-vening between the drill holes should average not more than 1 inch. 
When the rows have been completed, a row of holes of similar depth 


and spacing should be projected in a line at right angles. This third 


row may be placed at either end of the quarry or in some intermediate 

position. The latter is probably more effective especially if the com- 
‘pression is not exactly at right angles to the line of drill holes, as 
motion in opposite directions in both masses will afford a more ready 
means of the cores slipping on each other. 
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The purpose of the two lines of holes parallel with the direction of 
compression is to give an easy shear line when expansion takes place. 
When they are drilled before the cross line of holes, no motion occurs 
to jam the drills. If, however, they are drilled after the cross line 


the tendency of the rock to offset by shearmg would continually 


interfere with drilling operations. 

The transverse line of holes should be projected rapidly. Several 
drills should be employed in order to complete the line as nearly as 
possible before any appreciable closing of the holes takes place. 

Care should be taken that no excessively wide cores are left in the 
corners. The holes should be well cleaned out and covered in some 
way to keep out débris. Tightly driven hardwood plugs may tend 
to prevent the desired closing of the holes. Plugs of cotton waste or 
similar material may be used. | 


Along the transverse line a crushing of the cores and a closing of 


the drill holes will indicate expansion of the rock mass. There will 
probably be some lateral motion, permitting the cores to slip by each 
other and project into the open holes. 

Along the shear lines expansion of the rock will not appreciably 
close the holes, but will by lateral motion offset one-half of each hole 
with respect to the other half. The extent of lateral displacement 
will diminish with distance from the transverse row of holes. 

What may occur at the bottom of a mass of rock that is thus per- 
mitted to expand is as yet by no means certain. It is possible that 
fracturing may take place, and fractures so made will tend to occupy 


diagonal positions, causmg much waste. It is for the purpose of — 
reducing such fractures to a minimum that deep holes are recom- 


mended. 


If irregular bottom fractures cause excessive waste, or if the expense _ 


of making deep holes is considered to be too great, an alternate 
method is proposed, as follows: 
A narrow part of a floor along one side of the quarry parallel with 


the direction of compression may be first removed. The remainder | 


of the floor may then be quarried as shown in figure 30. <A row of 
horizontal holes along the floor at a should be closely spaced. A 


similar line of vertical holes is then projected at 6b. If the direction 


of compression is parallel or nearly parallel with the face, it is probable — 
that a channel cut may be substituted for this second line of holes. — 


Tf now a cross line of holes, c, is made at either end of the mass or in | 


some intermediate position, expansion will crush the cores and close 


the holes. Along the planes a and 6b the cores will break and shear. | 
Theoretically, at least, no irregular fractures should occur, as an — 
even plane has been provided on every side. It is impossible to — 
foresee what disturbing elements may arise, but the method holds — 


sufficient promise to justify a trial. 
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If the direction of compression is diagonal to the quarry walls, it 
may be necessary to change the directions of channeling and drilling 
in order that they may more nearly conform with the strain line. 
This change will lead to a reduction in floor space occasioned by 
leaving masses in the corners. When the angle between the direction 
of compression and the direction of a quarry wall is not more than 
15° or 20°, channeling and drilling in the usual directions will probably 
be satisfactory. 
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FIGURE 30.—Method of drilling holes to avoid strain breaks. 


A SUCCESSFUL EXPERIMENT. 


__ A Tennessee marble company, acting on the advice of Mr. T. Nelson 
Dale, of the United States Geological Survey, who visited the quarry 
: during the summer of 1914, made an effort to relieve strain by drilling 
: holes in accordance with the first plan outlined above. Although 
: defects were apparent in the preliminary trial, the great increase in 
the proportion of sound stock produced encouraged a continuation of 
the method. During April, 1915, the writer observed the progress 
that had been made up to that time and offered some suggestions 
toward further improving the method. A complete description of 
the plan of drilling, effect on the rock, and of suggested changes in 
method follows. | 
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The mass of rock under observation was 69 feet long, 20 feet wide, 
and 12 feet thick. It occupied a position along one side of the quarry, 
the remainder of the floor to the northwest having already been re- 
moved. Its position is shown at A in figure 31. 

A line of holes perpendicular to the supposed direction of compres- 
sion was first drilled. The holes were 1? inches in diameter, 12 feet 
deep, and the average core thickness between drill holes was fifteen- 
sixteenthsof aninch. The direction of the line was N.40°W. Theline 
was 20 feet long, extending from the corner of the quarry along the 


WV 





FIGURE 31.—Plan of part of a marble quarry, showing position of arock mass studied. A,rock mass where | : 
observations were made; a, position of line of holes driven perpendicular to supposed direction of com- | 
pression; 6, position of second line of holes driven to give rock mass freedom to shear on expanding. | 

northeastern wall and terminating at the excavated part of the floor. 

Its position is indicated by a in figure 31. | : 

A second line of holes of similar depth and spacing was projected 

along the southeastern wall of the quarry, as shown at 6 in figure 31. 

The purpose of this line of drill holes was to give the mass of rock 

freedom to shear when it expanded. On account of the difficulty of 

placing drills, holes were omitted for a distance of 10 inches from the: 
corner on the northeast wall, and 6 inches from the corner on the 
southeast wall. As indicated in figure 32, a mass of rock 12 inches. 
wide was left in the corner. | 
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Expansion of the marble soon manifested itself by a crushing of 
the cores and a gradual closing of the drillholes. The closing did not 
take place uniformly. Near the northwestern end of the line it was 
ereatest, attaming a maximum of seven-sixteenths of an inch, which 
gradually decreased to zero at the other end of the line. There were 
88 drill holes in the 20-foot line. The extent of closing as measured 
at various points was as follows: 3 


DOO NOLE wie. eee cee L383 3b AO 14 To AY 220527 236) Oras 


erent onelosine ni thine hn 13°14. 14: 19°-11--10 540. oO bee 
seconds of aninch..... 


The appearance of the partly closed holes is shown in Plate XII, B. 
The manner in which expansion took place is shown in figure 32. 
The cores were broken the entire length of the line, though the move- 
ment in the last holes was too slight to be recognizable with the naked 
eye. Likewise on the perpendicular line every core was broken by 
shearing. However, the mass in the corner was unbroken, as far as 
could be seen, and it would therefore appear that this mass of rock, 





FIGURE 33.—Second and third drill holes from the left end of the line shown in figure 32, illustrating the 
manner in which the holes were closed by compression. Actualsizeand shape; dotted lines show original 
position of drill-hole walls; solid lines show position after rock movement. 

which was 12 inches in width, effectively prevented the as part 

of the mass to expand so as to gain relief. 

Figure 33 illustrates the second and third drill holes in the cross 
line drawn natural size. In the lower part of the sketch the light line | 
represents the original position of the drill hole walls, and the heavy © 
line the position of the same walls subsequent to the expanding move- | 
ment. It is evident that motion took place in a diagonal direction, 
which is undoubtedly due, in part at least, to a lateral slipping of | 
the cores in order that they might gain ready relief by projecting into 
the open holes. However, the fact that slipping took place toward 
the corner where a mass of solid rock prevented any movement 
would seem to indicate that the direction of compression was not | 
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exactly perpendicular to the line of drill holes, but inclined at a small 
angle toward this corner. 

- At a later time a channel cut was made parallel to the first line of 
holes and 69 feet distant from it as indicated in figure 32. After the 
cut had been completed, the fact that complete expansion had not 
occurred along the first line of drill holes became apparent. That 
part of the 69-foot mass that had previously been unable to expand 
eastward on account of the uncut corner began to expand westward 
and partly closed the channel cut. The shearing accompanying this 
expansion broke the cores between the drill holes along the entire 
shear line, and the displacement gradually increased with the dis- 
tance from the corner. 

Measurements were made of the closing of the channel cut. Owing 
‘to a shattered condition of the rock, measurements could not be 

made nearer than 5 feet to the quarry wall. At this point the cut 

was closed six thirty-seconds of an inch, 13 feet from the wall it 
was closed two thirty-seconds of an inch, and 18 feet from the wall 
it was not closed at all. 

Thus it is evident that where relief was gained along the original 
line of drill holes no further relief was necessary, but where in the 
original line no motion was possible a backward motion took place 

as soon as a means of relief was provided. 

A considerable number of strain breaks are present in this mass 
of rock. It is reasonable to assume that they were formed in conse- 
quence of the nonuniform and imperfect relief obtained, as pointed 
out above. The part of the mass that had been quarried previous 
to the time of the author’s visit is said to have expanded more 

uniformly and was remarkably free from strain breaks. 

_ The suggestions following are offered with a view to improving 
the method of quarrying already outlined. 

_ (1) If it is impossible to complete a line of drill holes in a corner, 

the corner should be cut across diagonally with a closely spaced 

row of holes in order that no mass too great to be crushed may 

, Temain. 

| - (2) To avoid delay by jamming of the drills, the shear-line holes 

. should be made first, as no appreciable movement of the rock will 
take place until the cross line of holes is projected. 

(3) If drilling costs seem to justify it, holes should be more than 

12 feet deep, as the object to be continually kept in view is to gain 
uniform relief at one time for as large a mass of rock as possible. 
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COST KEEPING. 


BEARING OF COST KEEPING ON SELECTION OF METHODS AND 
MACHINES. 


In the preceding text many different methods and types of ma- 
chinery have been mentioned. Certain general advantages or dis- 
advantages have been pointed out, but in many instances no absolute 
rules could be given regarding the desirability of one over another. 
In no two quarries are conditions alike. Variations in hardness, 
structure, texture, and rift, in bedding and attitude, or in unsound- 
ness are extreme. The fact that a day’s channeling for one machine 
varies in different quarries from 20 to 150 square feet is a typical 
illustration. On this account marble quarrying if conducted effi- 
ciently must involve considerable experimental investigation. <A 
quarry operator ought to ascertain which of certain methods or 
machines are best adapted for his peculiar conditions. The results 
of past experience may enable satisfactory selection, but often 
experimentation must be adopted. However, no experiments con- 
vey definite information unless careful records of relative costs 
are kept. Therefore, cost keeping is a necessary part of such experi- 
ments. It is the yardstick that is used to measure efficiency. 


COMMERCIAL RECORDS. 


A certain amount of cost keeping is a recognized necessity for every 
successful business. Accounts that balance general expense, pay 
roll, fuel and supplies, maintenance and repairs, interest, and depre- 
ciation against receipts from sales, and thus furnish a basis for a 
statement of loss and gain on any transaction are what may be 
termed commercial records. Practically all quarrymen keep them 
in some form, though many such systems are inadequate. 


TECHNICAL RECORDS. 


Another and even more important phase of accounting is that 
dealing with detailed cost accounts for all operations in and about 
the quarry—accounts that are kept to supply a definite and accurate 
record of the relative efficiency of men, methods, and machines. 
Such may be termed technical records. They may be in the form of 
production, time-efficiency, or cost records. Cost records of each 
operation may be connected with commercial books by means of 
some suitable intermediary accounts, the nature of which should be 
determined by a skilled accountant. 


RELATION OF TECHNICAL RECORDS TO EFFICIENCY. 


Webster defines efficiency as the ratio of useful work, or of the 
effect produced, to the energy expended in producing it. The proc- 


ess of supplying the required energy costs money, and thus from — 


ae 


ee 
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the economist’s standpoint efficiency is the measure of accomplish- 
ment in terms of the cost. Increased efficiency, then, means de- 
creased cost of production. Many books have been written on effi- 
ciency, on the relation of efficiency to organization, system, wages, 
etc. It is not within the scope of this bulletin to enter into all phases 
of business efficiency. An attempt is made simply to point out the 
desirability of keeping accurate and systematic records as a means 
of promoting efficiency. Some suggestions are offered as to the form 
in which such records may be kept. For those who desire to enter 
more fully into a study of commercial efficiency many useful books 


are now available.¢ \ 


There is a tendency among many quarrymen to overestimate a 
loss of actual cash and underestimate a loss due to operating ineffi- 


ciency, as the latter is less tangible. A mistake in bookkeeping by 


which a workman is paid $2 for overtime that he did not put in is 
considered a serious matter. If, on the other hand, by channeling a 
cut instead of drilling and wedging it the same man increases the 


cost of production of a certain amount of marble by $10, the mistake 


is overlooked. To the unobservant, heavy losses due to poor methods 
or machinery are classed as necessary burdens. Even the intelligent 
and observant operator may place them in the category of necessary 


_ working expenses unless a cost system reveals that they are avoidable. 


The quarryman’s first object should be to keep to a minimum the 
cost of each operation. It thus becomes his duty to contimually 
mmprove his present methods, to devise more economical methods, 
or to maintain a low cost already realized. In order to do this, it 
has been stated that some efficient means must be employed for test- 
ing the various methods and determining accurately the relative 


value of each. A cost-keeping system supplies this need. It is a 
_ tool for cutting down costs. 


Thus it may be seen that the highest efficiency demands careful 


technical records. It has been asserted by one economic writer that 
nine out of every ten failures in business are the direct result of a lack 


of proper knowledge of conditions, the deficiency being due to poor 


_ bookkeeping methods, or to none at all. 


This is an age of competition. Manufacturers are straining every 
nerve to obtain contracts and to fill them at a profit. Many concerns 


have an uncomfortable feeling that progress and profits are not as 
satisfactory as they might be. Such concerns must realize that a 
cause must be definitely located and that the deficiency must be 


amended or other concerns will crowd them out. It is obvious that, 





a See Church, A. H., The proper distribution of expense burden, 1913, 144 pp.; Church, A. H., Pro- 


duction factors, 1910, 187 pp.; Gantt, H. L., Work, wages, and profits, 1913, 312 pp.; Emerson, Harring- 
ton, Efficiency, 1912, 254 pp.; Emerson, Harrington, The twelve principles of efficiency, 1912, 423 pp.; 
- and Carpenter, C. U., Profit-making management, 1908, 146 pp. 
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other things being equal, the business that is scientifically managed, 


that can put its finger on every item of excessive cost and imme-— 


diately direct energy toward a reduction of that cost, is the business 
that will survive when others fail. 

It is thought by many that the only function of a cost system is to 
ascertain the cost of an article. They completely overlook the fact 
that a proper analysis of costs furnishes a basis for reducing costs. 


QUALIFICATIONS OF SUPERINTENDENTS. 


Accounts are a measure of performance but must not be interpreted 
as performance itself. The establishment of a good system of tech- 
nical accounting does not assume increased technical efficiency. 


There must be (1) the ability to interpret accounts and note wherein — 


they reflect inefficiency, and (2) the knowledge and originality nee- 
essary to devise new methods and equipment. Such qualifications 
must be met not only by the general manager, but by the superin- 
tendents as well. They are closely in touch with all operations and 
control to a large extent the methods and equipment employed. 
The importance of these requisites demands some elaboration. 

First, the superintendent must be master of his accounts. This 


statement does not mean that he must be a skilled accountant. As _ 


is shown later, the accounts involved are usually of a simple nature, 
easily kept and easily understood. Some may feel themselves 
handicapped by a lack of bookkeeping knowledge. It is a safe 
assumption, however, that it is much easier for the technical man to 
attain a sufficient mastery of accounts to interpret them in terms of 


efficiency than for the accountant to acquire technical knowledge. 
A premium should therefore be placed on foremen and superintendents — 
who have in addition to their technical training a knowledge of © 
mathematics and bookkeeping or the ability to assimilate the nec- 


essary knowledge of these subjects. That some operators employ 


foremen who can not read or write is almost incredible in this age of © 


ever-increasing commercial efficiency, but it must be accepted as a 


fact. It is also a fact that some such quarries are not operating — 


at a profit. 


Second, the superintendent should have wide knowledge and _— 
originality. The ability to analyze and interpret costs is of limited 
value without a wide knowledge of ways and means of bettering” 
conditions. He must know of methods and equipment used else-— 


where or be able on occasion to devise absolutely new ones. The 
previous discussion of quarry and shop operation is designed to 


supply necessary information on methods and equipment now in use. - 
Few superintendents can travel widely, but they should supplement 


their knowledge by visiting other quarries whenever possible. 





COST KEEPING. 147 


REAL PURPOSE OF TECHNICAL ACCOUNTS. 


_ The duty of a technical accountant is not to find a convenient 
means of averaging and spreading costs over various operations on 
some arbitrary basis, but to separate and localize costs. His pur- 
pose is to enable him to follow with his cost book every operation 
from quarry to finished product and to see at a glance the cost of 
all the individual items that together constitute the total cost of 
production. He can then compare these costs with each other, 
observe which is the heaviest, and determine at what point his 
chief energies should be directed toward cost reduction. He can 


also compare the cost of the same operation through different periods 


of time. He can ascertain whether a new method increases or 


_ decreases the cost, and if a new machine is introduced he can de-— 


termine whether it cuts down the cost of production in its limited 
field. Such considerations are of supreme importance. When 
selling prices are fixed by competition an increase in profit can be 
accomplished only by a decrease in cost of production. A general 
decrease can be achieved only by bringing about minor reductions 
here and there. If one is to know at once whether any new machine 
or method is contributing its share toward such reductions or is 


- maintaining a minimum rate, cost keeping must be localized. 


THE COST OF NOT KEEPING ACCOUNTS. 


The degree of localization in cost keeping must be governed by 
common sense. Bookkeeping can be carried to such an extreme 
that the extra expense of office help will eat up the profit from 
increased efficiency in other departments. However, reasonably 
detailed systems may be employed at little extra cost. Many 
quarrymen are opposed to them on account of the extra office help 


required. One quarryman remarked, ‘‘I can not afford to install 


a cost system.’”’ When reminded of the successful operation of the 
system in one quarry he replied, ‘ Their margin of profit is so small 


that they have to keep close cost accounts.’’ What sort of reason- 


ing is it that leads to the conclusion that the one whose profit is 
presumably the larger can not afford a cost system, whereas the 
one whose margin of profit is narrow must burden himself with 
additional accountants? The two statements are in open conflict, 
and without doubt the second is correct. With all quarrymen the 


_ statement should be, ‘‘I can not afford to be without a cost system.” 


LOCALIZATION OF COSTS. 


The need of cost keeping having thus been pointed out, attention 
may be directed toward the principles governing the localization of 
control accounts. In order to properly analyze costs it is necessary 
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to divide them into the several factors that are more or less independ- 


ent of each other. There are certain factors that constitute services 
toward production and yet are distinct-from the actual and direct 
processes of production. The latter are labor and supplies directly 
applied to the object under construction, whereas the former are 
such items as power, rent, interest, supervision, and yard operation. 
_ The latter are necessary factors of production, but are less directly 
connected with the actual processes. The purpose of the technical 
accountant is to keep the expense figures of these various factors 
separate from each other so that the efficiency of each may be judged 
on its own individual merits and quite independent of the influence 
of any other operation. | 

Thus, if an operator considers scrapping his steam engine and 
purchasing electricity at 14 cents per kilowatt-hour, if he has no 
records of the present cost of his power per horsepower-hour he has 
no means of knowing whether the change would be profitable. If, 
however, he has careful records of the cost of fuel, supplies, repairs, 
labor, maintenance of buildings, depreciation, interest on capital, 
etc., for his power plant and thus is able to fix for every month the 
cost of power per horsepower-hour he is in a position to judge whether 
a change is justifiable. A special account should be kept for each of 
the independent factors, which together make up the total cost of 
production. The total of each of the indirect factors must be appor- 
tioned on a fair basis between the different units comprising the 
entire plant, that is, the production centers. 


GENERAL AND SPECIAL ACCOUNTS. 


The records kept may be classed as general and special. General 
accounts are of two types: The first covers operations affecting the 
whole plant, and the items must on this account be apportioned 
among the various centers of production, such as quarry, mill, and 


shop; the second type consists of summarized statements of the 


total direct and overhead expense confined to each production 
center independent of all others. 

The method of obtaining costs for each production center is shown 
in the following table, where quarry, mill, and shop are represented 
as production centers. The total cost for each production center is 
the actual direct and overhead expense of each, together with the proper 
proportion of general expense, yard expense, and power expense for 
each. 
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Form for keeping costs of various production centers. 


Quarry. 





Item. 


Direct expense. .......-- D2 sees 

Overhead Ox pense. 222 .6s|- es - =n. = 

Proportion of general ex- 
pense allotted to quarry 


Proportion of yard ex- 
pense allotted to quarry 


Proportion of power ex- 
pense allotted to quarry 


es 





Mill. 


Item. 


Direct expense.......- $ 
Overhead expense... ./....--..-. 


Proportion of general 
expense allotted to 
mill. 

Proportion of yard 
expense allotted to 
mill. 

Proportion of power 
age allotted to 
mill. 


Shop. 
Item. Cost. 


Direct expense........ REE ore 

Overhead expense... ..|....--.... 

Proportion of general 
expense allotted to 
shop. 

Proportion of yard 
expense allotted to 


shop. 

Proportion of power 
expense allotted to 
shop. 
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Other general accounts may be kept showing total production and 
summarized statements of total and unit costs of each operation. 

In recording all general accounts it is well for purposes of com- 
parison to place in a parallel column the cost of each item for a pre- 
ceding period of possibly six months. The average figure for the 
period would probably be the most useful, as it would show whether 
an item for any given month was below or above the average cost for 
the preceding period. 

Special accounts are localized to each special operation. Their 
purpose is to show the working efficiency and the time efficiency of 
various machines or methods. By means of careful records useful 
comparisons may be made. In making comparative tests of two 
or more machines it is wise to employ the same operator on each 
machine during successive periods, as the efficiency of the operators 
may vary more than that of the machines. This suggests that 

special accounts may also be kept to test the relative efficiency of 
men. 


GENERAL ACCOUNTS AFFECTING THE WHOLE PLANT. 


The general accounts? which must be apportioned among the 
_ various production centers are (1) general expense, (2) cost of yard 
operation, (3) cost of power. 


GENERAL EXPENSE. 


The general-expense account is made up of all items which can not 

_ be directly applied to any single production center, such as quarry, 

mill, or shop. It consists of the land factor and the organization 
factor. 


@ The writer is indebted to Maj. J. S. Sewell for many suggestions relating to quarry accounts. 


& 
s 
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LAND FACTOR. 


When land is acquired for quarrying purposes either a certain 
amount of capital is tied up by purchase or rent must be paid. The 
interest or rent, together with taxes, is an annual fixed amount which 
must be charged against all operations conducted on the property. 


ORGANIZATION FACTOR, 


Costs due to organization include expenses of administration, office, 
advertising, and expenses of a general nature which affect the plant 
as a whole. 

The various items of general expense are totaled at the end of each 
month and apportioned to the various production centers on a fixed 
basis, as, for example, five-eighths to quarry, one-fourth to mill, and 
one-eighth to shop, or on whatever other fractional basis may seem 
justified. A general-expense account may have some such form as 
the following: 


Form of general-expense account. 


June. 


Item. ie 
verage for 6- 
Month. month period. 





Dollars. Dollars. 
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Legabex pense. 63.22 saci 2 obs ot he BR eg BP Fae Os Noa ate) cB panto: ta re a ene toe 2 
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Charge'to. Quarry s25...o Sack Sassen Seem side oe oo Be eclectic ieee cere er 3 
Charge:to mill 2 ic. Do Ane AS PS a Ie ae Cate nce aerate cle aia ee or 
Charge to shop si sacs iS Soe eee ae a She SNe coe he ee a gon tesco aera ee eae 





YARD-OPERATION FACTOR. 


The yard account includes interest on capital expended on yard — 
equipment, wages, costs of supplies, maintenance and depreciation 
charges, and all other incidental expenses connected with transporta-_ 
tion of rock from the quarry to the stock pile and from there to the 
mill and shop, or directly from the quarry to the mill and shop. It- 
is a very variable account and may be omitted where the rock is— 
loaded directly upon the transfer car with the quarry derrick. The 
following is a convenient form of account: 


Superintendent 


Engineers and firemen 


Supplies 


Repairs to locomotive or crane: - 
Lab 


OF.---------- 


Supplies 
Miscellaneous 
Depreciation 


Total 


Charge to quarry 
Charge to mill. 


COST KEEPING. 


Form of account for keeping yard costs. 





June. 





Item. 
Month. 





Dollars. 


Average for 6- 
month period. 


Dollars. 








SE ARE O LOMO Diet meter rn Clee me Beet eee ats Ano e Sy oe Gyo are atin ne Ans Sa a htew e.this w ae ee Soe 








POWER FACTOR. 


_The simplest case in power charges is where power is purchased at 
~so much per kilowatt-hour or horsepower. The next simplest case 
is where the transmission and distribution is done by the purchasing 
company; this will involve charges for interest on capital and for 
depreciation and maintenance of necessary equipment in addition to 
the first cost. Where steam power is used, or electricity is developed 
by steam, there will be the interest on capital expended in boilers, 
engines, generators, buildings, etc., in addition to charges for main- 
tenance, labor, fuel, and supplies. In the case of hydroelectric plants 
the price of fuel is usually offset by the capital invested in dams and 
sluices. 
It is important that exact power costs be kept and wherever possible 
reduced to the unit cost, or rate per kilowatt-hour or horsepower- 
hour. A large part of the loss connected with stone quarries is in the 
power factor. A power cost that is excessive as compared with the nu- 
“merous published statistics of power-development costs indicates that 
something is radically wrong and that the services of_an expert are 
‘required to stop the leak. If power from more than one plant is 

employed a separate account should be kept for each plant in order 
that the expense be properly localized. The power cost should be 
apportioned among the various production centers on the basis of the 
power actually consumed by each. 

When power is purchased no account is necessary except for trans- 
‘mission and distribution. Power plants are of various types and the 
form of account must be varied to suit the conditions; two typical 

forms are given below. 
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Form for costs of steam power plant. 


June. 


Item. A f 
verage for 
Month. 6-month period. 


Dollars. Dollars. 
Firemen and helpers. ci5; 222 2 a fan ccisdncs ous Carlee aOES we a cel prs eas anon ae era ee 
Engineers 2 Fe oie re saree ak he cee eae: ae 


Maintenance of buildings: 


Sup pllesmiess no ee ee ee cee ee 
Maintenance of boilers and engines: 

Babor seek oe eS Ue ee Te Sec Sie el he Die te ica Sm one 

Supplies fant 4. See eee eee ee ee eee eter VS ooh Suara nalts lsven | eta 
Maintenance of steam lines: 





Supplies. tka ee Fae TS en A Ce Rieneerine eet dee re oy 
Fuel. wae FRE Sates ee Ae ee DR eer Re ee ee te 


L@bOrs sos eee ne Bea Ae ae ee eg se Ie cr rete ste ac ne 
Supplies 227 Sowa Aone wae eee eee Oe ies eres ee ees ee are 
Miscellaneous we: 2s aon aes ae gee en ee eee nee ee ena 
Superintendence............-.--- Rr Sees SPM ors oe al Ae Oe 
Depreciation ech eee ee ee ee ete Sesto oa ah ark 











In the case where steam is conducted directly to the quarry ma- 
chinery the total cost may be apportioned to the various machines in 
the special accounts for these machines. Where part of the steam 
power is used to develop electricity a separate account must be kept 
for this item. 

Cost form for hydroelectric power plant. 





June. 





Item. 


Average for 4 
Month. 6-month period. 





Dollars. Dollars. 
SA TEONG ANUS em net te ce ein ole se yee ae ee oS Da tates 5 hpajwie ins dlcpe rapes eave y psa SeAee rene cum eae 
Maintenance of buildings: 


Supplies: ew RS Sas Eee Le ee ee entree tt ae ee Pee 
Maintenance of dams and sluices: 


Supplies, |e eee ea SPARE one eee ats Pn ee ee 
Maintenance of power lines: i 

Bupplieg. +... l2scsccuuendctdeks bea Chu Soewethebe A Ls DE ee i ea er 
Maintenance of turbines and generators: F 

Supplies. 9.7 ie We toes ce eeme: eee etme eI MOG SOT Lal 
Supplies:¢oil, waste,etes) a: 2) ae oe ee es ee es eee | a eA eh eee Se a | wa 2 te oS ; 
Depreciation (Gm Ongization)fe- mye se see Seer ee teen eee | 


Wotalos, eee cee ass co eee Ee aed erate: eae ee aes Ae | eta, ocean ee ee a 
Cost per kilowatt nour aie Baki 5 a ee eee ee ee |) lacey Soe U Ee ee 
Charge tO: quarry..t25.-ssses2-- rare ishs Hy. nat SNe Rattus pata aoe Sah eee ae er BEA oR Se 
Charee:totmill occ ene ee 2 hie ACE Le RR yee BV yeahs A oe A) ee I eS a a 
Charge to.Shop. io sect ic 2 quer tester Leta rats cede Ae aot aes wee eras Pita cae om kage told pale 

















This account gives the proportion of power expense for each 
department and also indicates the efficiency of the power plant. a 


,, 
re 


The cost of developing electric power depends on the amount of — 
4 
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capital invested in dams and machinery and on the length of trans- 
mission lines and hence is subject to considerable variation. It 
varies generally from 14 to 2 cents per kilowatt-hour. 


GENERAL QUARRY ACCOUNTS. 


The general quarry accounts are (1) direct quarry cost, (2) 
overhead expense, (3) total cost of operating quarry, (4) quarry- 
production account, and (5) condensed cost account. 


DIRECT QUARRY COST. 


The direct. quarry cost includes the labor and supplies required 
for each quarry operation. A form for keeping this account is 
given below: 

. Form for keeping direct cost accounts for quarry. 





June. 


Item. 
Average for 6- 
Month. month period. 





Labor: | Dollars. Dollars. 
Perr LITIe seme epee Meee ne Saisie dn Se nails oe Sete na eo eee oe ae trite oes Meact s fe 
"SS U EATER 0g Pc RE aR a a ee tT OU eI ce en eae eee Ee Se 
RreLGL LTA eee ee = mene na ce, Ay a ey eee ar oe cg ipso SR eae 
SO HAVEMICN DT OTS 2NO (6 (eh sla due eee se OIE AL ghey ee en ee ere, onl Spies Pee. Re srk 
OP SS LING CUS) GER, 2 A Si Sas Ste ac leo Soe Gs oe ae eae ge ee (eae te cee oeeae 
BuMipime and cleanin’ Up QUaITY . ooo. 2-265 -52scc le ses - sera eesagn er RRR Se ee 
eal ein CChatn elmo maChimese..\2t-n1 5. toee -cssia: Seen a aioe Sobek oa. Regnier ae apes = 
Breciior Channelers see ck cc aes eo: Gee ake me Pee ce hte ete Scat iak ee 
PLEO OleC AC COTS ac fetes mne se ok te ee tenes Seton soe ee REL eats ee aX parin anee 
TESSS) AUBRAVRYOS DEST ay SAN ee as aca Mee tes Pal ani a ee een Mens Nene SA aS Re aS nk a ea 
Supplies: | 
PIANOS Fe, aan ee een eee ee KER eee eee coed fee ce 
ine up a Praia tk RC eS a eo aie ak Be reg age ook ees te Slt te Soot ee eee cr 





RRP Os 0.1 (LOLS tee peere etna Ta NR anne e oe oce e, 1S eC ai Sa, Jt Aree (crepes aa artes Sons 
RAST OCK nN me aoe cies ones 2 eR, ye ee eS ee ges oe ee | 
MUI ANC. Cleaning iPass. ht tee oe. atc ee Rs Wg 
res, Channeling Machinese see aries 2 wae semen eee eee 
Pe CIBLOTACIATIMIOLOLS tape rar aioe ei = ena See isa oe cre yh eee ne 
Pere aC(lord ne. meer ak tase aks teins Sent. ele cayct Chaesial 

BEE SCOMATIGOUS rece sare ae ers ee et np ake en er cee Segre) | 
















OVERHEAD EXPENSE. 


| The distinction between overhead and general expense is clearly 
defined. The latter is made up of those items which affect the 
plant as a whole and which must be shared by each production center 
proportionally. The former is a separate account kept for each 
production center and includes for each center indirect expenses 
which pertain to that center only and are independent of all others. 
The ordinary expenses which fall in this class are maintenance and 
repairs and supervision—that is, the wages of superintendents and 
foremen employed in this particular center of production. It seems 
convenient also to include depreciation charges with overhead 
16207°—Bull. 106—16——11 
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expenses. Depreciation is an indirect expense and is an independent 
item for each production center. It is usually expressed as a per- 
centage of the original cost calculated on a basis of the estimated 
time which may elapse before the equipment must be replaced. 
It usually varies within limits of 5 to 10 per cent per annum. 


Form for overhead-expense account for quarry. 





June. 


Item. 


Month. 


Dollars. 


Superintendent and foremen 
Watchman: «2 050) ccuiows Scie sn ade sn basne oe PSE Nace te) ay Create TE, HS 


Labor: 


Supplies: 


Maintenance of channelers 
Maintenance. of gadders':osence ee see ee ae eee ce eee 
Maintenance of GEerricks cea eae ce ee eee eee Spee ea eee 
Maintenance of pumps 
Maintenance.of Durdings ceases ee ee ae eee ree ee eye 
Miscellaneous 


Maintenanee: of -channelerss cme ee ocean ee 
Maintenance of gadders 
Maintenance of derricks 
Maintenance of pumps 
Maintenance of pulldines sss. =a | eee ee ee ee ae ere 


Miscellaneous se pete he eR es A Ba Te mee cee 











TOTAL COST OF OPERATING QUARRY. 





Average for 6- 
month period. 


Dollars. 


ee ee 
ee ee 


ee 
er ee | 
ee es 
ee rs 
wee een ere ees cece 


ee 


The total quarry-cost account contains the various items which 
make up the total cost of operating the quarry. Itincludes the propor- 
tional share of general expense, yard, and power charges, and the 


total direct and overhead charges for the quarry. 


Form for keeping total quarry cost. 

















June. 
Item. Average for — 
Month. 6-month 
period. 
Dollars. Dollars. 
Apportioned share of general expense....-..-------- +--+ +2222 eee eee eee fence eee eee eee epee ee eee eee e ne ee 
Apportioned share of yard Service... . 2.2.2.0... sense ence eee e ence ence ene | oon ene ce ener en |e cnes ss =o ee ee ee 
Apportioned share of power.......-..------------- wcec chee Setiebcecieteecs| sees eee sceeuen s| sess 
Total direct operating cost.....------------+2+22eeee cece ee eee eee e eee e eee fe cee e eee eeerees [eee e eee renee eee 
Total quarry overhead cost 52 elon 0 doce seve seme snceae- caer ere /oe thea tiec re ile aae cae x 
Total cost of operating quarry..-.-... Se US ec we Se rt SB eee q 
ee a ee 


Circumstances may make it advisable to keep other accounts, such 


as a special development account. 


2 








7 
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QUARRY PRODUCTION ACCOUNT. 


Mere statements of costs are of little value unless accompanied by 
“a statement of production for the same period. 





Form for keeping quarry production account. 
June. 
Item. Average for 
Month. 6-month 
period. 
: Cubic feet. Cubic feet. 

EMER IE AIR ASORA gic to er ietch seg ets inie cts SE ae S's o.0iG Ana cans Se aa eie eu ied UN Os Pee oa bw cle meta dene atmmt ae ecles 
MOOR rai Re eR ates wae Btls ce a tins Vets Hoes aes = nile wasn siduoe Efvtics Soa det en ceeglosecedeloasaacee 
Sete UI Olas Poesia ae heats Ae Wene ns spe caret depen sine chGR Seat an on bean de pcd ee vtane 
Quantity delivered to mill (or shipped wholesale).........-............-|.--2---2---000-- [a=-b= fo watveae- 
MeO G FemrtG tT VSPA DO VAL Ss wets onan aiat es os wart oe ces Heme mier eel Were ee aeaen faite Rs a See ees 
Quantity delivered from yard to mill (or shipped wholesale)...........-|....-.....-..--- | Soe set aes 





CONDENSED COST ACCOUNT. 


A summarized account may be kept of the total and unit costs of 
each operation, including the overhead charge. It is compiled from 
other accounts, and presents the facts in a convenient form for 
reference or comparison. A convenient form for keeping such an 
account is given below: 


Form for keeping condensed cost account. 


June. 


Item. 
Average for 6- 


Month. month period. 


Dollars. Dollars. 
inetal cost of channeling (includes quarry overhead charge)..:.-....5...A..222- 2522-2 e222 |nse cece sac e cece 
SESE VUDOL OF SQUATO 1608. CHANNCION o 5-5 a5 a2 0 ce een hes pease ke ic fe see ede aednas se epee, V7 GR Rte 
MecONCHANIelne per SGUATCTOO0s toico nae oe lsaiee Mis satis ee sas fsitton ste Sea eee eons oes geees cease 
Vertical drilling: 

ttt GUS ICLIICINS OV ERNea CRATES) Ss pee: cua ay ace eee toe Some p tee Arce wears uy ay ower Seoes oein 
otal ero1 Sq UarO 166L OLTOCK CULO sates. = on oe ron ee See me Heong a cai, hues ee os eee 
MEGtal Titi MerOnlineal 46Gb Gr iLO ceideee corse tet ale et ra ae ores ea erie tet ci ok a eee ema ae eee 
St OP SUUALOOObe cra iektc 2 ree sails fale varie ees atone Mae Cla Riane eee E wo Set eet aml) Meelutrd ess ee 
Mostar lineal lOOb eae pee se Sees hr mo nine ewe ee ao atone aaa che aia oSe sais Sale hail wee cme seme Sees 
Bed drilling: a 
SRoiiecos eC aneludiurs Quarry, OVErnead: Charge): o-tmpceeess snc cas oe acme s 52 ie ccs Seeeenie le sac. 
motainimmperolsquaretectol rock drilled. S:a2222 sos. sateen oe Gee eee ed oe leat ban ieee tums 
MotalnriImpeLolinear tee, Grillodys nee te. Se cre oe tee = eee sere See Sl elas ele ree, AR Rte cee one eee 
“CUPS hel SPI ON FEN ATES NOC) Rape sS epee al ete ieee PES Ce Rena tO | GSE Piura lle Din eens. Zeenat MER ES ope Pscy hc 
SGP LINeAIOO bee snes hae emet clams see mce ame ccoe te Males canal ree oaiaiaiame See «alee aneineh ace mete 
Motal cost of lifting blocks (including quarry overhead charge): ..2.). 2.202.202 22te2- (LA ke oe 
Pecuaucost, OL Maintainer QUaLLY,-2e0 > tense peace enc see ce soe a a eee SR ye sents, Sects ae ie ee 
aa Ot, tape te ge Oe Oe ore Mee es ete gti SA elle a asa ws at Sew Ed eeu eee 
Total cost of quarry plant depreciation. .........-..-.-..----------- Re dee Sorel Se eee ee 
BMI G LIP TI@UPIOMIOCRTC Work on teen Ft te ate ee hee oS Cple ound ie nine oid aise liga ee ela Seer 











aA term applied to drill holes made for the purpose of freeing the block from the floor. 
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SPECIAL QUARRY ACCOUNTS. 


The accounts just considered cover the total quarry cost, the total 
production, and the total and unit costs of each operation. More 
detailed records are necessary, however, both for the purpose of 
compiling the general records, and to check the efficiency of each 
separate operation. 

In order to test channeling or drilling efficiency no account is taken 
of the proportion of waste, for it makes no difference whether sound 
or unsound material is produced, as regards the rate of cutting. 
Hence all such records are based on gross production. For chan- 
neling the following records should be kept: 


Form for keeping channeling costs, based on gross production. 


Item. Month. 
Square feet.channeled 7 0u 3/2). a2 a a ee 
Channeling cost... “sie cee? ot atone. eee ken gar eats Se a 
Square feet cut in d.0-hourday prac. sae Se eee 
Square feet cut in 10-hours’ cutting time............-..... 2: gs eee 
Channeling: cost persquare Toots. 25. ee 
Square-feet. channeled, per. cubiefoot®....,...i3-scsus.c6- 4.) Se eee 
Channeling-cost, per cubic foot.c 424-05 | Aus. ae se au cis 4 ee 


Form for channeling time-efficiency account. 


Time. Month. 
Maximum working hours.. (cose. fey eee Hs 
Cutting time, ‘per contests ie gees ere eee ee eee 
Time used for repairs, per cents ..cc.h. vsceies vee seeks ee eee 
Time used in moving and setting track, per cent...........  ........-. 


The following gadding accounts should be kept: 


Account for keeping gadding costs, based-on gross production. 


Item. Month. 
Square feetot padding wc. oS view - nwa nce 0.62 ee eee ee 
Gadding Gost So\eos nbc ere te nae o ae Ge nie os epi 
Square feet cut in 10-hour day. sacs. -.290 2 eee eee 
Square feet.cut in 10 hours’ cutting time..... 47. 2 +..+..... sae 
Gadding cost per square foots: 22-2. sh eee ee cee 
Square feet of gadding per cubic foot. . “e225: See Pe ae 
Gadding cost: per ‘cubic foot... 2.0... «2+ a sc See ee 
Linear feeticute S26 2.8 Let oe ee peek cee = 


%- ‘a3 


MPD AP Osi. <7 


Account for keeping gadding time efficiency. 


& 


Time. Month. 
‘Maximum working hours!3i.0s 204). ieee eee 
Cutting time,iper- cents. aso ose... a ae eee 
Timesused for- repairs, per centi.. J). ).-.~ sent ae ele ee 
Time used for moving, percent... 26 9.-0-cee ee oe 


fl 
4 
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Separate accounts may be kept for vertical drilling and bed 
drilling, or they may be united. Both channeling and gadding 
‘accounts may for purposes of comparison be localized to machines 
of the same class or even to individual machines. 

Such accounts also afford a means of testing various methods. 
Suppose a change is made in the direction of a row of drill holes so 
that advantage is taken of a rift in the rock which permits a wider 
spacing of the holes. The result would be shown in the decreased 
gadding cost per cubic foot of rock produced. The exact saving thus 
effected may be balanced against any increased cost which may be 
_ involved in the change of quarry method, and thus the operator will 
know whether such a plan is justified. 

As a further illustration, suppose the rift to be so poorly defined 
that it may seem advisable to channel in two directions and gad only 
on the bed. Such a change would lower the gadding cost and increase 
the channeling cost per cubic foot of rock produced. The sum of the 
channeling and gadding costs before the change compared with their 
sum after the change would indicate the loss or gain involved in such 
a change of method. 

The preceding statements indicate that in many cases conclusions 
must not be drawn from isolated accounts, but from the relation of 
one account to another. The accounts are often interdependent, and 
no one can interpret them ‘properly except the man who is familiar 
with both the quarry operations and the accounts kept. 

A very useful account is one which summarizes the unit cost of 
each item on a basis of gross production followed by the same item 
on a basis of net production, as follows: 


Account for keeping gross and net unit costs. 


A 
ra 


June. 





Average for 


Item. Month. 6-month period. 





Gross. | Net. | Gross.| Net. 




















Dollars.| Dollars. | Dollars. | Dollars. 
ICO MDCT CII OO Larne vera emit tee creer ace ee ee © ei ee eE eee cece hae etree tee ee et ee fees 
SACOM ELIT O ePOTiCu DiC 100 la taeee eee th oe ke ee ac Sane eel: Ct ba ln Se Sela Oa ch te alee ay aes 
ae mIML MeNe eOL CUDICHOOL aie see ele = 5 ae ee ete ts Se IE ae Slang camel olan aie Slab cae de ss naeeas 
Remini saialooicen DET ClIDIC LOO tse ee ccm nie meee ore). cata ea Mes ary NR le aoe Tae ao cil ee oe et aa eee 
Meibenatin b1 uarry, per cubic foot produced... 2.4... <<. l-ce<cdens s-fe-cnces|sbegeaccles-bsseellognces = 
IC LOOe DIGOUCOU ST oes fe es cane aes oo nak ce ot aoe oeace so chest oe [oie se hoes 


OtAL CORD See 52. Na 5 c's 2 ean ad aes PE pn Pn EAC Se oer a Oe Se OE Pees ee: 














Such an account indicates clearly how the proportion of waste 
_ adds to the cost of production of the finished product. 

For a certain month the total cost of production per cubic foot, gross 
_ Measure, in one marble quarry, was only 35 cents. When calculated 
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on the basis of net production it was, however, $1.31 per cubic foot. 
This means that if all the marble produced were salable—an ideal con- 
dition which is impossible in practice but may be assumed for purposes 
of illustration—the marble could be sold at 36 cents a cubic foot for a 
profit, if selling expenses were disregarded. So much rock is thrown 
away on the waste heap, however, that with no compensating revenue 
from waste material the good stock must be sold for more than $1.31 
in order to realize a profit. If more quarrymen kept records which 
would clearly indicate the excessive losses that result from quarrying 
inferior material, it is safe to assume that more active steps would 
be taken in an attempt to modify quarry methods in such a manner as 
to reduce the proportion of waste. 

Block records are very useful, as they assist the quarry operator in 
keeping track of his product. A form of record kept by one marble 
company is as follows: 


Block record kept by a North Carolina company. 


No. of block. Date quarried. Dimensions. Grade. ern: To mill. 
Se se Bee bee duly. 7; 19TE VSO" by 2 07 bial ANOss 9 | August 4, 1914 
20g 








a) 








For companies who sell their stock wholesale a block record is still _ 
more desirable and requires greater detail. A form used by a Ten- 
nessee marble company, which is very complete and enables the — 
operator to trace every block from the quarry pit to its final destina- 
tion, is given below: 


Form of block record kept by wholesale company. 





Datelisted.| List No. | Grade. Color. Official measure. Cubic feet.| Accepted measure. 
May 10| 1284 1| Pink | 0” by 6 0” by 106 \.o sa ; 
SeO%: ° 


May 10 T2355 LAO dost 6 26S" OY 600 a Oy TTT 1 ok ne oy : 
8/0", 


Oe eS ee ee a a a a ee 





Se i rr ar) 


ss ee a a rc 











i se ee a a a a rar 
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Form of block record kept by wholesale company—Continued. 


-Cubic feet, | Description and con- 


dition Consignee. Address. Charged. Address. 


ee SOM ORI ASCO NF kc Secret cle et he Lh is Stat Sele waa SMe tad 
lar shape, fine 
color. 


se a a 





Se ee a 

















Order No. Date shipped. Folio. : Remarks; car No., routing, etc. 








foeo0. 202) % June 14...- 152 | Southern 1181189, clo Mobile and Ohio. 
ON es eae GO eas 152 Do. 





ee 


ee ee | 














The company intends to supplement this report with a sketch of 
each block showing the position of cutters if the block is unsound, 
and the position of any irregularities or flaws. Such sketches would 
be placed on file for reference in case of a dispute with the buyer. 


GENERAL MILL ACCOUNTS. 


The general mill accounts are (1) direct mill cost, (2) overhead 
expense, (3) total cost of operating mill, (4) unit cost account, (5) 
condensed cost account. ° 


DIRECT MILL COST. 


The direct mill cost includes charges for labor and supplies for the 
various processes in the mill. A form for keeping this account is 
given below. 


Superintendent 
Foreman 
Depreciation 
Labor: 

Maintenance of gangs and sand pumps 
Maintenance of diamond saws 


160 


Labor: 
Loading and unloading gangs 


Sawing 
Hoisting engineer 
Placing stock 


Water supply 


Supplies: 
For loading and unloading gangs 
For hoisting engineer 
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Form for keeping direct mill costs. 


Item. 


Sawing with diamond saw 
Removing yard scrap and waste 
Loading sawed stock in cars 
Bracing sawed stock in cars 


Sor placthie stock. 22 aetoes ents pe rane ene at este eae oer et 


For removing yard scrap and waste 
For loading sawed stock in cars 
For bracing sawed stock in cars 


Saw blades. 
Sand 


Overhead expense includes cost of superintendence, maintenance — 


and repairs, and depreciation. A form for keeping an overhead- — 


ee ee ee 


OVERHEAD EXPENSE. 


expense account for the mill is given below. 


June. 


Month. 


Dollars. 


ee ee | 


Average for 
6-month period. 


Doilars. 


settee ee ee ee eee 
cee cee se os = See ee 


eee ee a 
ee 











Form of overhead-expense account for mill, 


Item. 


Maintenance of crane and runway 


Maintenance of shafting and beltin 








Maintenance of drain and settling badinsi giac- foe< tence eee 


Maintenance of buildings 
Maintenance of machine shop and equipment 
Maintenance of heating 


Miscellaneous 


Supplies: 


Watehimape: Voi ds ohuynom.2 0 abu .5 «caves Tne, eee See 


Maintenance of gangs and sand pumps.......-..-..-.-.-.--..-...--- 


Maintenance of diamond saws 
Maintenance of crane and runway 
Maintenance of shafting and beltin 


Maintenance of drain and settling basin......................-.....- 


Maintenance of buildings 


Maintenance of machine a aNd CQuIpMen te 45- eee ee ee ee 
For eating es aetna oe eee Rares ee Ns co eee ee aes 
For watehiman ty. case arcowicc a ceo eres sete beri mee one ace net mee 
Miscollameous.c; scg.ccct tas n ee wee Ce a ie Ree ee A er i ee 


Total. overhead fs. 755. Se ee eee ee ea, See 





June. 





Month. 


Dollars. 











Average for 
6-month period. — 


Dollars. 


ee 


a 
a i 


tte ee er eee ee ee eee 
eee ec ce ee ee ee oe 


ete eee ete ee re eee 


eee ee 
tee tee ee ee ee ete 
ee ee 
eee 
ee 
See ee 
sce eee eee ee eee 


ee 
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TOTAL COST OF OPERATING MILL. 
A form for keeping a summarized statement of mill costs, similar 
to that for the quarry, is given below: 
Form for keeping total cosis of operating mill. 
June. 
Item. | Average for 

Month. 6-month 

| period. 

| Dollars. Doilars. 
Apportioned share of general expense..................2--00. 2 0c e eee ee eee (reg 7 See sea ee Bah tates sees in ate eke 
Peper titted ommsens Var COC viCO., Ua kdoes Sel, Soe es Sr ceil phe a Ae che has ie eee sein abe 
Pat DOL MONA SALGADO Volo sen at eee OP ac, ies Mi IE ace ee peek Se at aby ees BA Sede Minas ak Saude Sele aha ae 
BPOUN POIreC iO Dera WLlEnCUp lewis seers ae Lenk re RN Bee MOE Ue tae ise ne Sele aes. Lee aa eR 
ME ANO VELMA CHAT EO TON It Mua seqi ee ete ee elie od Se Tale Py tL penne Rey A, 1 ot) aU ee sage ee a 
PROGR COSHOLODCL GEL Sy INMLt | cme, degree anne Sete nee te Sen ene ce ee nee tai 2 ee hak ee 








UNIT COST ACCOUNT. 


The unit cost account shows the amount of material produced and 
the unit costs direct and indirect for gangs only. If diamond saws 
or wire saws are employed, separate accounts should be kept for them. 


/ 


Form of unit cost account for gangs. 





| June. 





Item. Average for 
Month, 6-month 
period, 





Dollars. Dollars. 

Rapapemor can eehours Aclusliyy MACOuss = me RMRER Ae . See os ad. etal Sa eo Sesh Se aes 
BOC GCOS Ut Pers Colt A OULD ER see ert mea cciet oes are eae meets emia We an es ot le ee Ree eS eee oe 
SGA COSE DONS ANC NOUT ctr eet. a gach ett eae a ere herein Det sets west ad ey Se ates 
BEML OLOCIOL Sa Ws CULUSe rey tartare ene ie erent Io c tes Pou Mr ee eae Gees ee Asean ee ce gle eee 
Seroct COstsper sc UAT OTOOUO LSA WCU rae eee tette ties arcs slat cae see ale ete | aos Wea bs rev ap ghee eccrne sere cla eeeiowree 
(Potalicost per square foot of saw cut......-¢ 22.2222 ..---2..2---- 35,5 Urs = de fee 2a a tae pe Re | Je ee ea gt 
BU taOLUOEDIOCKS LOL SITSE CU bs. serine Hee ac sho loro Den ee es cio) een awe on eeen ad (RE ean he eee are 





Paap lcrcosaweGMall between GAws).ccssi-& aes: ei secas aon cc ccm oe fc ae Sasa dee clacela se] Patel tee Heme te 
Bip cupicneotc ood: Color Obtained seco steno teies es Mae eS ae kite wea ce ea a ne 


PEL et DICH ee tS OOCI ATIC: SOULE seats «one ar time eee eee ices ewe = ee Segal ee ee wie wil soe RR eee 


MEEeCHICOSE: Der CUDIC TOO LOUAL SA WOU. snc. ece eee mie ees ee i Sc ails rors So le ave cils [ears wea eee 
Be COS eC CLIC AUGUI LOLOL SAW OUres te cee tie er oe ys eee ee wee onl Came crate mats ecm iced 
PIL OC COST DCReU DIC f0OOt SOOM COLON enact er Mek ee Seen See cee cr emrace merece om dillaeiere a ie cme 5 oie 
Bea COse POM CuUDIG LOOMS OOG COLL ne ret tenes Nols = ee em ne etic eb akllosiimnatnssh ue allases attatmteec ae 
Mee COStDSnCubiCHOOL. ZOO ANG SOUNG 2). 2208 era aS aoe ee so l| Sea eele pabibeke rare Sl Herons Suerte aoe 





BEEOPALCOSO DCR CH DICTOOU SOO aid SOUR sate fe cease oes Selec mat| oe seem cet ciel owcloeeeectee te aece 


RemAre StiatoleeL Saw CALs per cane NOUTs oi: 22 saw oa eal 2h NE ck | eee teh ew teeter eae Soeee ce 
Petar oscuarevccnesawed por calle NOUT a. seeeeee een: eet mn el ec lnn oc ae ceatne Memmi elte celsc sete cine ore 
BEcOOLSA Willows. Ser ae ee oat e ati 2 ay SR El SL Pe ae ee mad | AAR 2 See ae Be bs Oe aS ae nec 


PPEPLACO MET O!- OL CuDIC 100 Pek Gan eS 1LOAG fede oncde nos a ts tote ote tee oo Gaiden inc thie ove witwee caps toe we oe 
Beever Of C402 10G0S.. fo oo bee cece rn bnew ene'de sn b otenet MEIER ZK eal | Re eee oe Dw OI eae ap me 914 


This form of account is subject to many modifications. The one 
given is designed to fit a complex condition, where the marble is 
marred by both bad color and unsoundness. If either of these is 
absent the account may be simplified. If the material is graded as 
No. 1, 2, and 3 as it leaves the saws the account must be modified to 
suit. 
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CONDENSED COST ACCOUNT. 


The value of material as it enters the mill is the sum of the costs of 
work already done upon it as indicated by the quarry records. 
The summarized account gives in condensed form the cost of material 
through the mill and indicates the additional costs of various oper- 
ations, both as totals and units. 


Form for keeping condensed cost account. 








June. 
Item. : 
Average for 6- 
Month. month period. 
Dollars. Dollars. 
Value of blocks to millfrom quarry. 2... 7s.o0 cas cpesees dest. 2 ecie os = loc nee See es oe 
Value of blocks. to mill go yard 7.0; 2.52062 t< o2 ee een enews ng oan oe aete peeis aes ae ee 
(a) Total value of blocks toamill ys stese set ein = ee oe to oe Sana ee a ee eee 
Average value per cubic foot of blocks to mill .< wooo. eo ees ges ee lee ee 
(6) Total. mill operating Cost. [oo sk ck. Sew ees Sa rte ras heh ne este pal ote Rete eee 


Total value of output of mill (sum of a@ and b) 
Thin stock: 4 
Value of blocks delivered to mill 
PotalCosty Ol Sawin es seein, erence Steriace tre seine eee tel nee ere 
Total value of sawed stock produced <a oe. see eee eee eee aoe 
Average value of sawed stock produced 








a Similar accounts may be kept to ascertain the costs per cubic foot of making the first, second, and 
third cuts, cuts subsequent to the third, and of cutting with the diamond saw. 
For convenience in keeping saw-gang records, the accompanying — 
ticket form which is used by one marble company may offer useful 


suggestions: 
SAW TICKET. 
























































Gang Nov Dimensions.....--.- Block NGS ae Gradé. -..2<aa 
| Date. Hour 
| No. saws. . . 
Witetl FASE OWING 2. 5 ness mee ee cares cas oe eae beds pe Sone |Rste aee ee 
Wihen Started: ee yrs so rte eet yee Toe ea Ce | Pee es sve Lea e Renee No.-peS. cee 
AWID Ori CLOW SEE: aoe tey eee case ete teh oe = et eee et emg aye ase ee EP rah ian 5S 
Total hours under gang.....- Idle for loading...... Sizes sawed into.....- 
HOURS RUN AND INCHES SAWED EACH SHIFT. 
Sawyer. 1 3 5 7 
Hrs Ins. Hrs, Ins, Hrs. Ins. Hrs. Ins. 
| | ; 
| ; 
2 4 6. 8 4 
|__| +_|_}__§ 
Totals see cen eae é 
Total hours sawed ...... Total inches sawed ....-- Total hours delay .-...-- 
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DELAYS. 





Date. Hours. Cause. 











SPECIAL MILL ACCOUNTS. 


The special mill accounts show the amounts produced by the various 
operations and the total and unit costs of each operation, with certain 
other useful figures such as rate of sawing, number of blades, ete. 
A summarized statement of total quantities produced and cost of the 
same may be given as follows: 


Form for keeping cost account of total quantities produced. 


June. 





Total quantities produced by gang. Average for 


Month. 6-month 
period. 





eUPPaNOUrs ACHAT ygaT) AL Oat eae ae ee nee ete Ree oe iat SEE e elena ss ree A asias- te ec oom a omits 
SE ISL OP ORT NHS gab aig itt owe let cis ome sing cate b  ealata'p nadine Saat elo Sepienis gee e+ a2] om Fone Aplus oe dee 
EU OGRE LICY Seale OE Se iat Sat, SC ange oe Bs oy bets cle whe ote Fs es face nels ctvcdeshodee eee seme eke 
PATO TOCC LOL SA WAClOS coe signe cee ene coe ce moc ote aecsamceaes is etal pl cE CORE ees ERE See 
PaLoct Cost Hers Uare A00b OL Saw, CUGES : isn earrecce a Be ciel yetaid e Aeleassons clove Spe Syne apnialniatst Seis ui|lare one oo Maaiela alele « 
MeL ARCOSL DOT Sc Uate LOO OL SA We Clb ma smiser nice Days olrae chee Se ees re Sm na seca ctaaee oee ot sewirlall ona diate lee stake ae 
REDE STMCASUTC, DIOCKSHORMIESECC KIL ome en aie ae terete nee ee SMe ek chs Sertof ote e ewe ols el oid etal am ators 
Pemose me6asire DlOCKkS,10r SeCONG: ANG LNivd, CUtSe=se en mece wenes oo e Se [on ae ewes aaroaee ss 5eeeem joes ener 
BEEOSGHmoasuroe Gul Stock loaned s-m.- ee e e ans Seeees Ses See ik ana Selec ee ens apts s| Wee wate rane BPRS. 
POLALGICU DIC 16OUSA WOOK alcDebW eel SAWS leocec ttc cree se nccber cae See ee pat le Seo Solan eee bowiteincre 
ME SG Chr UIC 100 (LOI RAW J. rome cic te ois en nd paw son Secs |p aoe een et er ams[ee Ret ea sewadeces 
BereuGOSts Pel CU DIC LOO LO DAL Sa Wel.) s25— eee oe tae sewers mieten slau Bin eklp Ae msl om Se cae lle eterm inne aiereieisiate see 
‘Average number of square feet sawed per gang hour......-.--.- 2222-222 |. o essa eee eee [ oe ee eee ee cee ees 
Average number of cubic feet sawed per gang hour................----- | eae nated LS be sire eae a 
RCHECIOUS A WHI oer re eect = fan Senne ene a ofa. em aa ses ohncicicinis, Pee eae es © cine Shite aera eee pales ye 
Pee Dar OF PIGUOS DOF PAIS WA ooo ot oes ee te wees see tao we knee pane as sae cea eee | basen cle'~ clue ree: 
DAE DU Nie meant. Cece fa sent. 22 ies Ses cae h cade arene den Decne cee se ee eet ee ee oeeaber 
Emerecoo Tui DeErOlCcupic eet per Canis LOA we tee ae ction oe ne eines og tem ow oc eee Le ow cyte ecee ne 
EP AS ROLLS 7 te aaa oe et oar deeb Sods ese Sees bin ods aber Wane taacus las «wel awn seule 6 





a Similar items showing the cost of producing the different grades may be given if desired. 





A thin-stock account may be kept in more or less detail. The 
_ form given here may be modified at the operator’s discretion. 
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Form for keeping thin-stock account. 





Thin stock. 


Gross: measure,cubic 1eeGs2 oss cscue sees. cn ce eee are ean eee 
Total « cubic feet sawed (all between saws) 
Total number of square feet of saw cuts 
Total varie Dourgco ik Sees sen Site eee ae ele re tee ee ep a ee 
Direct operating cost 
Lota Operating COStE crc ota soe tog loa seek ee ree ee) Seen rare ae 
Direct cost per cubic foot of total quantity sawed.............-----.-.-.- 
Total a cost per cubic foot of total quantity sawed 
Direct cost per square foot of saw cut 
Total cost per square foou ofsaw CUlsseses es oscee fete eee ae eae 
Average number of square feet sawed per gang hour 
Average number of cubic feet cut per gang hour 
Average Tate Of Sawin 2-20 2. Vise tsk sh nels no pean re ee nena eee toe 
Average number of blades per gang load 
Average length of stock 


Pe ee a 


Average number of cubic feet per gang load 
Total number of gang loads 


Se 








Month. 


re 


TECHNOLOGY OF MARBLE QUARRYING. 


June. 


Average for 
6-month 
_ period. 


ee ee ee ee ee 





@ Items similar to this one for the different grades might be inserted here. 


Similar accounts may be kept for cubic stock, showing the cost of 
making the first cut, second cut, third cut, and cuts subsequent to 


the third cut, and for diamond saws. 


Cuts subsequent to the third 


cut are usually diagonal or some such direction for the purpose of — 
decreasing mill labor, and as a consequence are charged to the mill. 


Time-efficiency reports are of great value. 


The various causes of 


delay may be enumerated and calculated to percentages of the maxi- 


mum sawing hours, as in the form following: 


Form for time-efficiency record of gang. 








June. 
Average for 6-month 
Item. Month, period. 
Hours. |percent.| Hours. per cent. 


Maximum sawing time 
Actual Sawine@GlIMmess cer ly een rene es ee eee ee as 
Time consumed by delays: 
Loading and unloading 
Coming down at night 
Without watets- 20 condensate ce ane eee ae eee 
Without: poweris cesses nee kee teen eee ne eee 
Repairs,to vanes: ssc ote etre ee oe eal ae ee ee 
Repairs to belting and shafting 
Repairs COWUmaps ee Se eer eam ee a er ee 
Repairs to lead pipes 
Without blocks 


Suppose that in addition to a traveling crane a transfer-car system — 
In the next monthly report the advantage of this addi- — 
tional equipment would be reflected in the time-efficiency record as — 
a material reduction in the time consumed in loading and unloading. 


is installed. 





ed ee i i 
Se ee ee eee 
ee ee ee 
ee ee ee i 
ee eee eee es 
ee ee ee 
ee ee ee 
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SHOP OR FINISHING PLANT ACCOUNTS. 


In considering the various operations in the shop a new condition 
presents itself. Although the whole shop has been termed a pro- 
duction center it is in reality a group of smaller independent pro- 
duction centers comprising coping, rubbing plain stock, gritting plain 
stock, buffing plain stock, cutting, matching, drilling holes for anchors, 
boxing, and loading. Keeping in mind the principle that technical 
accounts should be localized if costs are to be properly isolated, for 
each of these smaller production centers, a separate account must be 
kept, each bearing its’ proper share of general expense, yard service 
and power, and its total direct and overhead charge. The appor- 
tioning of general expense and other indirect costs requires careful 
adjustment. Some departments require more supervision or more 
yard service than others, and each should be burdened with no more 
than its fairshare. Power cost is apportioned on the basis of the 
actual amount of power used by each department. 

__ Two general shop accounts are necessary, one being a summary of 


shop costs and the other a summary of shop production. 


| Cost account for shop or finishing plant. 








June. 


Item. Average for 


Month. 6-month 
period. 







General expense: Dollars. Dollars. 
Percentage of main general expense account..............-------2.-- 
meratiomoen (percentape oL total) ...6.5< Sin ses occa c+ eb buvascl eee 
Drafting supplies (percentage of total) ...............2.....0-- 00 eee ee 








PRGA LCLOCE BUOTECOSLS Ss cng pete te. (cea ease eies cle Secale ce ie. Mere tie wee 


Overhead expense for shop: 
mee Drattsmen (percentage of total) ......... 22.22.00. . eee eese cena eeeee eft eet mee Se SS 
Draiting supplies (percentage of total) .................-..-.--------- [hearse cmon tte: 
ELC OUN ONC: rete Aa gm og gel Ee RS Ga Whe ie, OC ee 
RPLOLIDOCIOL UME: rrret tie ig it oa ee Seco ee, Ene wa es ts AS ihe LN 
Maintenance of shop machinery— 

















Summary: 
IEE CLC OS ie fain ne ons Sac vine sme sls cn mwle wade e's oes ane ot 
(tl UNTIL Ps ee rice plies Fees it ree neice ry Egan i aan et a 








Rola ar ree ce Aa een sce er eh ete oe Vt. Ls us Bees 
ETS SESE G) 62 (0s 1B meg 8 Asuna fey Se gre ng ye en ee 
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TECHNOLOGY OF MARBLE QUARRYING. 


A plain-stock production account summarizes the number of cubic 
feet of stock handled and the work done on it at each operation. 


Form for keeping records of plain-stock production. 





Plain-stock production. 


Square feet of stock coped (excluding tile)................--...-2-------- 
Cubic feet of stock coped (excluding tile).................---.-.--------s 
Square.fect ok tile copeds sist were 2 Sess ae eee ne eee 
Cubicteet of ti excoped ist soe inecee oe eh eoee eo aee ee a eee eee 
Square feet of stock rubbed (excluding tile) 
Square feet of second surface rubbed (excluding tile) 
Total square feetirubbed. o8. 25 ce toetece ta oer e aan aee eee oe eee 
Cubicfeetof stock rubbed 2. uke ce abe eee ee eee eee 
Square feetiof tile rubbed oe a eee eee eee eee eee 
Cubic fect of, bile rubbed 2a.ce5 poe ees ee a ee eis ee ree eek peso re 
Square feet of stock eritteds ss ssa race oe soe chan oon en eee oa come emer 
Square feet of second surface gritted......---.:..-220.-2-----52022----ee- 
Total square feet gritted 
Cubicfeet of stock eritted’s. ose anes we ee os ee ee ee ee 
Square feet of stock builedl sien ce ree eee eo ae eae Ane re ee 
Square feet. of seconG: Surince DULG... sara so aoe eerie eee 
Total square feet butledsai ees os 2 CL cae ce oe eee nae 
Cubic feet of stock: butied 222. 2-2e = nee ee ae eee ee eae eee 





June. 


Month. 





Average for 
6-month 
period. 





The account for each of the production centers within the shop 


may have somewhat the following form: 


Form for keeping costs of individual operations. 


Coping. 


Total number of productive hours............-.------- Sg WS ee hs oe Be 
Square feet of stock coped 
Cubicifeet of stock. coped ssc 2 22 oe cccieeales Seetieet eel eee eee 


General Oxpenseie.casscec co tematic ence oe ae ee roe ee eee 


TY ard SOEVICE SUS Stic cae pave Mei aie anew Ri winageiee Cee ele nied Sea eke eR 


June. 


Month. 


Average for 6- — 
month period. 


ee De a 


POWER ooo eran ois ee eraie Seow obras tues Sepa aire Gre Were ie ce ahaha, mate a cel ore) ecm ea cea arts era Re ee 


Overhead shop expense 
Direct expense: 
Copers 


ReMOVING SCLAN =. a= oases Bia ah ae OME ene Creer cies Seka 


Supplies. se we see eee Hees ceteatetes ate eo aieee heres aie es eee Serer pa arate 


Total cost of coping per cubic foot (a) 
Cost of stock per cubic foot before coping (6b) 


Value of coped stock per cubic foot (sum of a and b)....-...-..-- 











ee ee 


In this account the value of the stock is the sum total of the costs : ; 


of all previous operations. 


have increased in value by the amount of the coping costs. 


After it has been coped the stock will 


The- 


same process is followed during all subsequent operations, and the 
final boxing and loading account will show as the value of the stock 


— 


the total cost of all operations through quarry, mill, and shop. The 


4 La 
> 


vs. 


4 


t 
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accounts for rubbing plain stock, gritting plain stock, buffing plain 
stock, cutting, matching, and other necessary processes are kept in the 
same form as the coping account, though certain modifications must 


_be made in the direct expense of each. Tile stock or refinishing may 


require additional accounts. 
Accounts should be kept for all by-products, such as terrazzo, road 
material, fertilizer, riprap, lime, etc. 


JOB ACCOUNTS. 


In shops where novelties are manufactured it may seem desirable 


to determine the total cost of an article which has passed through 


the hands of a number of operators. Such a record when placed on 
file affords a ready means of making future estimates on similar 
articles. If a block of cubic stock is taken, its first cost may easily 


be ascertained from the total cost of third-cut cubic stock in the con- 


densed cost account of the mill records. The final cost will be this 
amount plus the cost of all subsequent work done upon it. For 
keeping such records the following forms of cost tickets are sug- 
gested. When the job is completed, the information contained in 
ticket 1 is transferred in condensed form to ticket 2. The latter 
may be of cardboard, of convenient size and shape for filing. 


Suggested forms for cost tickets. 


COST TICKET NO.1. 









































Beer ON iter tis 2 Si ot Be pe PICA NY  npelee AN OR OE he Ae 
MR COTHIIOT Go. ro. eee ee eee ee SS iL Or St ee ee Se ae aR 
+1 ITEP hy lege il elas yea ee ed cara ag Se 
" Name of Time Time Total e 
Class of workman. oricniah. terstarted. stopped. ane! Rate Cost Remarks. 
J ea L. Smith..| 7.80 a.m. 1ia.m. | 33 hrs 50¢ | $1.75 
6/27/14 6/27/14 
LEE a ses eu apt Sap ee a aa Ee aA A ae rt Da, See eet are 
YER WG le oo Riel RS Ee PS Pe eek 8 SR Ae mere ee ee ping ee a ieetereee | 
be ye ee yt ean rs ee eis tAe sie Se tee ala Suet sites fu ata Sea ot cea,nceee | 
(7 LLNSUEVEYP, BS Sage ee Sl NL ied eS om dee ie a eee ae Re ooh |S ee oe ee ee ee 
WE RET. eekelS ee Yee a ees e Aes ole Be ee eel seis Sees geste [eemeiaoe Sere Vag cena eee RO 
TIS iP shes generar ea Saal Shas yee BHP Becta ei pet cereale al maa ac Dea es 8 a 
|S TROIS STARS see oh eo Bese se Nee aes A es) [es Aa art Al ea oat oe fae een se ae 
COST TICKET NO. 2. 
BC soa oe os OIPACTAN Ota coe eres Ora Vee eee Bricey aioe 
Cost of— 
° Cubic Total 
Sizes 
p feet. ‘ cost 
4 Polish- ‘ : Letter- 
Cutting. ing Tracing. | Turning. ing. 














PUBLICATIONS ON MINERAL TECHNOLOGY. 


A limited supply of the following publications of the Bureau of 
Mines is temporarily available for free distribution. Requests for 
all publications can not be granted, and to insure equitable distri- 
bution applicants are requested to limit their selection to publications 
that may be of especial interest to them. Requests for publications 
should be addressed to the Director, Bureau of Mines. 


Butuetin 16.—The uses of peat for fuel and other purposes, by C. A. Davis. 1911. 
214 pp., 1 pl., 1 fig. 

Butietin 42.—The sampling and examination of mine gases and natural gas, by 
G. A. Burrell and F. M. Seibert. 1913. 116 pp., 2 pls., 23 figs. 

BULLETIN 45.—Sand available for filling mine workings in the Northern Anthracite 
Coal Basin of Pennsylvania, by N. H. Darton. 1913. 33 pp., 8 pls., 5 figs. 

BULLETIN 47.—Notes on mineral wastes, by C. L. Parsons. 1912. 44 pp. 

BULLETIN 53.—Mining and treatment of feldspar and kaolin in the southern Appa- 
lachian region, by A. 8. Watts. 1913. 170 pp., 16 pls., 12 figs. 

BuLLETIN 64.—The titaniferous iron ores of the United States, their composition 
and economic value, by J. T. Singewald, jr. 1913. 145 pp., 16 pls., 3 figs. 

BULLETIN 81.—The smelting of copper ores in the electric furnace, by D. A. Lyon 
and R. M. Keeney. 1915. 80 pp., 6 figs. 

BuLuetTin 84.—Metallurgical smoke, by C. H. Fulton. 1915. 94 pp., 6 pls., 
15 figs. 

TECHNICAL PapER 3.—Specifications for the purchase of fuel oil for the Government, 
with directions for sampling oil and natural gas, by I. C. Allen. 1911. 13 pp. 

TECHNICAL Parer 8.—Methods of analyzing coal and coke, by F. M. Stanton and . 
A.C. Fieldner. 1913. 42 pp., 12 figs 

TECHNICAL PAPER 14. Lea ee for gas-analysis laboratories at coal mines, by 
G. A. Burrell and F. M. Seibert. 1913. 24 pp., 7 figs. 

TECHNICAL PAPER 32.—The cementing process of excluding water from oil wells, 
as practised in California, by Ralph Arnold and V. R. Garfias. 1912. 12 pp., 1 fig. 

TECHNICAL PAPER 38.—Wastes in the production and utilization of natural gas, 
and means for their prevention, by Ralph Arnold and F. G. Clapp. 1913. 29 pp. 

TECHNICAL Paper 39.—The inflammable gases in mine air, by G. A. Burrell and 
F. M. Seibert. 24 pp., 2 figs. a 
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PROSPECTING AND MINING OF COPPER ORE AT SANTA 
RITA, N. MEX. 


Pf By Donatp F, MacDonatp and CHartes Enzian. 


INTRODUCTION. . 


It is a far ery from the small and uncertain mining efforts of 50 
years ago to the splendidly equipped and solidly financed organiza- 
_ tions that now handle thousands of tons of ore per day. The old 
mining was largely speculative; the new is practically on a manu- 
_ facturing basis. In the old days of mining the aim was, chiefly, to 
_ find comparatively rich ore; modern practice looks more toward 
- efficiency in mining and milling, so that vast tonnages of low-grade 
_ material may be worked at a profit. The old operators had faith 
and hoped for good returns; the new ascertain with a fair degree of 
_ precision what the available tonnage is, what the cost of mining and 
treating the ore will be, the time necessary to exhaust the deposit, 
_ the capital required, and the net profits to be made. The old mining 
| was financed on a highly speculative basis, and the value of mining 
Se stock was largely controlled by the imaginations of the promoters 
. and of the individual holders. In the new régime the financing of 
eines is often as conservative as the financing of manufactures 

or railroads, and the value of stock, quoted on the leading exchanges, 
| 3 Bericlicd by the carefully peemated profits in sight. Of course, 

with every legitimate industrial enterprise go certain business ae, 
, zz mining is not exempted from these. Then, too, valueless mining 
as well as valueless industrial stocks are sometimes offered for sale 
3 by the intentionally dishonest, or the ignorant. However, the 
, _ prospective purchaser of a mine nowadays. if he is willing to pay for 
the services of reputable mining engineers, can obtain information 
on which to base an opinion as to the quality of his investment. 
= Lhe relatively recent development of cheap and efficient methods 
‘of mining and of ore dressing has given value to low-grade ore bodies 
that a few years ago were almost valueless. The iron mines of 
Ml esrthern Minnesota have been fruitful in developing efficiency in 
~ mining methods, notably the open-cut methods in which steam shovels 
‘strip off the overburden and then load the ore directly into railroad 
trains for transport to the furnace. In 1907 open-cut mining was 
applied to the low-grade copper ores of Bingham, Utah, with splendid 

‘results, and since then it has won a most important place in the min- 

ing of large masses of low-grade ores in several other mining regions, 
especially at Santa Rita, N. Mex. 
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Efficiency in mining as in other industries implies attention to 
detail, and the larger the scale of operations the more important may 
details become. For this reason the accompanying study of the 
methods used at Santa Rita will, it is believed, be of help to all 
engineers who have occasion to handle large masses of material. 
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The outline of the geologic conditions that follows is largely 
from notes furnished by Spencer and by Paige;® others® have also 
furnished valuable data bearing on the mining conditions of the 
region. - 


LOCATION AND GENERAL GEOGRAPHY OF SANTA RITA DISTRICT. 


Santa Rita is on the mountain-bearing plateau of southwestern 
New Mexico. It is nearly 150 miles northwest of El Paso, Tex., and 
about 50 miles in the same general direction from Deming, N. Mex. 
It lies about a dozen miles east of Silver City, N. Mex., and is on 
Santa Rita Creek, not far from where the latter has its rise in the 
southeastern foothills of the Black Range. A branch of the Santa 
Fe Railroad connects Deming, N. Mex., on the Southern Pacific 
main line, with Silver City. From Whitewater, N. Mex., on this 
branch line, a subbranch leads to Santa Rita and to Fierro, N. Mex. 
(See maps, Pls. I and IT.) | 

Santa Rita is in the central mining district of Grant County. In 
its vicinity the plateau is about 6,300 feet high, but some of the 
neighboring peaks reach altitudes of nearly 8,000 feet. 

The climate is dry, bracing, and sunny. Even in the bright hot 
summer months the nights are cool. In winter, clear, cool weather, 
with occasional snow, adds to the stimulating effect of the climate. 

a Spencer, A. C., A detailed report on the geology of Santa Rita, in course of publication by the United 
States Geological Survey. . 
b Paige, Sidney, Silver City folio (No. 199), Geol. Atlas U. S., U.S. Geol. Survey, 1916, 20 pp. 


c Lindgren, W., Graton, L. C.,and Gordon, C. H., The ore deposits of New Mexico: U.S. Geol. Survey 
Prof. Paper 68, 1910, 361 pp. 
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GEOLOGIC CONDITIONS GOVERNING MINING, SANTA RITA DISTRICT. 8 


The following table gives the maximum and minimum temperatures 


-and monthly evaporation for the year 1914. The monthly mean of 
the daily maximum and minimum temperatures is given under ‘mean 
“maximum” and ‘‘mean minimum.” 


Data on temperature and precipitation at Santa Rita, N. Mex., during 1914, by months. 

















Temperature. ee Precipitation.b 
Month. 5, i 
Maxi- | Mini- sper ean | During During 
maxi- mini- Total. Total 
mum. | mum.| sum. alin month month. 
1914. mo i oOHe Bi aE yt Inches. | Inches. Inches.| Inches. 
BESTA a aes Sis tan = ns 64 14 52. 27 28.15 4. 329 4, 329 |- 0.58 0. 58 
BEPC DPUATY ...0005 sce esses 62 22 51.39 28. 95 4, 266 8. 595 0. 43 1.01 
PATO Mente oe es ay 70 24 57.63 32. 66 7. 448 16. 043 0. 66 1.67 
ASTOR ase ie Soak Ss eae a ae 78 30 66. 88 41.18 11.507 27.550 0. 02 1.69 
LRG EI ee 2 ae ae a 84 3l 74, 23 48. 27 12. 416 39. 966 1.00 2. 69 
ISTE EYS ce pees 8 ae men 91 48 81. 82 57.50 12, 253 52. 219 1.51 4,20 
SAL RONAN Rect te 85 52 78. 11 58. 76 7.612 59. 831 7.51 1171 
BOT PUISt er eee shee <e 88 53 80. 98 58. 66 9.151 68. 982 2.98 14. 69 
Brseptember: ..-.-) 2.2... 83 46 76. 77 54.12 8. 214 77. 196 0. 75 15. 44 
WrCUOWE! stan ee oie tae alee S 7 37 65. 27 43. 03 5. 964 83. 160 3.58 19. 02 
NOVEM DE! Sas sie sd-es= 64 SOMMMeeOento 36. 48 3. 584 86. 744 0. 93 19. 95 
BECO MCI. 2. oo. f-6 ceases 50 15 42.94 27.15 1. 636 88. 380 4.70 24. 65 
@¥levation of gaging station, 6,311.5 feet. bSnow reduced to equivalent rainfall. 


The streams are not large, and the country is not particularly well 


watered, either for mining or for agriculture. Marketable timber is 
scarce except in the higher mountains, and even there it is inclined 
‘to be scrubby. The timber used at the Santa Rita mines is brought 


in by rail, as the available local supply, never great, was exhausted 


some years ago. 


Santa Rita and the neighboring regions offer an attractive field to 


the prospector; the climate is delightful, the country open and easy 


to traverse, and the rock outcrops fairly favorable. 


GEOLOGIC CONDITIONS GOVERNING MINING IN SANTA RITA 
DISTRICT.¢ 


The ore bodies at Santa Rita are associated with quartz-monzonite 


“and quartz-monzonite porphyry intrusions, which cut limestones, 
sandstones and shales. These intrusives are of post-Cretaceous date, 
and are older than tuffs, rhyolites, and andesites in the vicinity, 
which are regarded as of Miocene age. Of the three types of intru- 
sives near the ore, the oldest and the one constituting the largest 


mass is a quartz-porphyry; the next in point of age is an essentially 


-even-grained quartz-bearing monzonite, containing idiomorphic 
_feldspars and occurring as a stock of moderate size; the youngest is a 
porphyritic rock, locally characterized by large crystals of quartz, 


“A 
e 


which occurs in the form of dikes. The sedimentary series cut by 





a Notes on the geology of the region were furnished by Dr. A. C. Spencer, whose complete report on 
the geology of the Santa Rita district will be published by the United States Geological Survey. 
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these intrusives consists of limestones of Carboniferous (Pennsyl- 
vanian) age, and of Cretaceous shales and sandstones. 

The alteration of the rocks in the vicinity of the ore deposits has 
been marked, Within a rudely elliptical area, measuring about 
7,000 feet east and west and more than 10,000 feet north and south, 
the prevolcanic rocks were thoroughly permeated by metamorphosing. 
solutions. These solutions have sericitized the shales and have 
charged them with pyrite; they have silicified and pyritized the 
sandstones, and have changed the limestones in many places to 
chlorite-sericite rocks, carrying large amounts of pyrite and locally 
much magnetite. All the igneous rocks are somewhat mineralized, 
as shown by the presence of pyrite. The older quartz-porphyry is 
practically everywhere completely sericitized, but this sort of altera- 
tion is much less general, and is locally lacking in the younger 
intrusives. | 

In the main, the mineralization is of the type that is produced by 
general metasomatic alteration of the rocks. Highly individualized 
veins are essentially lacking, though reticulating fractures in the 
rocks are locally healed by quartz fillings. The date of the mineral- 
ization is not precisely known, but on the south the altered rocks 
are overlapped by unmetamorphosed volcanics, indicating that the 
mineralization was essentially complete before the extravasation of 
the latter in Miocene time. 


ORE DEPOSITS. 


The copper ores of Santa Rita are mainly low-grade deposits in 
which the copper minerals are disseminated through the rocks, and 
various rocks, both sedimentary and igneous, are contained in the 
ore bodies. Metamorphism and primary sulphide deposition resulted 
from the action of hot solutions of magmatic origin. Almost every- 
where the altered rocks carry at least small amounts of copper, but 
material of ore grade has been formed mainly through the enrichment 
of relatively lean rock by the downward movement of water. 

The principal copper mineral of the sulphide ores is chalcocite, but 
metallic copper and cuprite are locally. present. Chalcopyrite, 
though seemingly not abundant in the ores, must have been the pri- 
mary mineral from which most, if not all, of the secondarily deposited — 
copper has been derived. Malachite occurs in much of the weathered — 
capping, and is intermixed in varying proportions with other copper — 
minerals in the upper parts of the sulphide ore bodies. j 

Rich copper ores that were mined in former years came from a _— 
series of ore bodies disposed along a curving belt 400 to 800 feet wide — 
and about 6,000 feet long. This ore belt is comprised in the wider © 
and more extensive zone which includes the principal ore bodies of © 
much lower average grade that have been developed by the Chino — 
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GEOLOGIC CONDITIONS GOVERNING MINING,SANTA RITA DISTRICT. 


Copper Co. As now outlined (see Pl. III) the ore zone is an approxi- 
mately elliptical annulus 500 to 1,000 feet wide, with an inside shorter 
diameter of 2,000 feet and a longer diameter of 3,000 feet. The 
principal axis of the ellipse trends northwest. The ores are of 
1. variable composition, as the different rocks mentioned have entered 
“into the ore bodies, and each rock has been differently affected by 
the Eipparnorphositiy agents. 
- In the main the results of churn-drill prospecting show that the 
ore bodies are rather definitely though not sharply limited down- 
ward, and this, together with the fact that chalcocite replaces pyrite, 
“proves that ihe ores owe their present copper content partly to 
processes of enrichment due to the downward movement of surface 
" waters. 
- The weathered overburden that caps the sulphide ores. varies in 
thickness from a few feet to 150 feet or more, the average being about 
85 feet. In general the ore bodies measure more than 100 feet ver- 
tically, but what may be called the bottom surface is extremely 


i) 


irregular. Thus in one section of the ore area, material carrying 
_ chaleocite and metallic copper has been found continuing to depths 
"as great as 1,300 feet, and in several places the ore bodies are 400 to 
- 500 feet thick. 

The variations in thickness, and the fact that the segregations that 
are large enough and of sufficiently high grade to constitute ore 
occur in a rather definite zone, are thought to be due to differences in 
the conditions of underground drainage. 

The variations in the mineral constitution of the ores are wide. 
- Different sorts and grades of ore are rather intricately intermixed, so 
' that maintenance of the output of a mine at any average mineral 
' composition is always difficult and at times impossible. The chief 
' yariations of practical moment are, first, in the relative amounts of 
- copper minerals to pyrite and magnetite, and, second, in the propor- 
_ tions of heavy copper minerals to malachite.’ In the milling of the 
ores a high iron content—that is, a high proportion of pyrite and 
_ magnetite—tends to a low ratio of concentration, and any large pro- 
; portion of malachite results in a marked decrease in the percentage 
_ of copper recovered. 
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ADAPTATION OF MINING METHODS TO GEOLOGY AND TOPOG- 
RAPHY. 


_ The methods of prospecting and mining adopted in the Santa Rita 
district have been determined by the geologic features of the ore 
_ deposits, and the general scheme of excavation, ore delivery, and 
- waste disposal has been nicely adjusted to the topographic situation. 
_ Byreasou ot the wide extent of the ore bodies as compared with 
_ their depth, they were well suited to churn-drill prospecting for the 
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determination of ore tonnages and grades of ore. The altered and — 


generally soft nature of the rocks resulted in low drilling costs, and 
the relatively even grade of the ore favored accuracy in determining 
- the copper content of the ores. 

The feasibility of open-cut mining by means of steam shovels 
depends on the size of the ore bodies and the thickness of the over- 
lying waste. 

Because the altered rocks that contain the ore and constitute the 
gangue are soft, drilling is easy. These rocks are much jointed and 
break readily when blasted. 

Any appreciable addition to the aniount of waste material that 
must be moved, owing to large slides, is not anticipated. In general, 
the A eetrdon of soil, or me onnolid trad débris, is shallow, and 


everywhere such material is essentially free from percolating water. | 


Overburden consisting of weathered rock is also well drained, and 
both materials stand well without ‘‘slaking”’ in any important degree, 
Although the ore and the weathered rock contain abundant sericite, 
and when finely broken develop much colloidal material, in place 
they are generally strong enough to stand with fairly steep slopes 
for all depths that are reached by open pits. 

The mines are situated in a basin which is a broadened section 
of the valley of Santa Rita Creek. 


In plan the outline of the Santa Rita mine workings is like that — 


of a jew’s-harp, two great cuts forming the flaring loop, the block 
left to carry the creek forming the tongue (see Pl. III). The creek 
flows southwest, leaving the ore-bearing area 4,000 feet beyond the 
point of entry and at an elevation 120 feet lower. The inclined 


approaches that permit locomotive haulage in removing the ore — 


from the deep pits have grades opposed to the general surface slope. 
These approaches diverge at a point more than 1,200 feet down 
stream from the westerly edge of the ore area. The length of haul 
from the far end of each of the mine pits to the common track that 
serves the crushing plant is thus greater than 1 mile, so that con- 
siderable depths can be directly attained. Eventually spirals or 
switchbacks will be required and possibly the use of hoisting planes 
or Shay geared locomotives may be advantageous. At present the 
development plans of the company do not contemplate that any 
mining will be done by means of steam shovels below an elevation 
of 6,050 feet, which is approximately 150 feet below the points where 
the pit approaches intersect the ground surface. 

The crusher is situated near the mouth of the canyon-like valley 
which drains the Santa Rita basin, the delivery track being at a 


level about 80 feet above the assembly yard. From this yard the | 


ore trains go to the concentrating plant at Hurley by way of the 
Atchison, Topeka & Santa Fe Railroad. 
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TOPOGRAPHIC MAP OF ORE DEPOSITS AT SANTA RITA, N. MEX. 


Shows relations of prospect drill holes to coordinates, placed every 200 feet, and to ore bodies, which are outlined; the methods of working the ore bodies by benches and the trackage on each bench are indicated, 








= =. HISTORY OF MINING IN SANTA RITA DISTRICT. 1a; 


_ Whereas the ore tracks necessarily converge for the purpose of 
delivery, the waste tracks are in the main divergent. The principal 
dumping ground is in the valley of Whitewater Creek, south of the 
mines, but most of the waste from the upper levels of the northern 
section has been deposited within the Santa Rita basin west and 
northwest of the mines. 

Because of the semiarid character of the climate, current ground- 
water seepage is slight in comparison with the extent of the workings 
and pumping costs are correspondingly low. At times of heavy 
rains the lowest levels in the pits become flooded, but little time is 
lost from this cause. Continued rains, which are seldom experienced, 

result in reduced operating efficiency, mainly by causing track 
troubles. ; 

For some time to come a channel for the creek will be maintained 
directly across the Santa Rita basin, but eventually, in order to 
remove large amounts of ore, the diversion of the stream will be 


necessary. Occasionally after heavy rains the volume of water 


carried by the creek is large, but the mine pits have been so planned 
that they are in no danger of being flooded from this source. 

_ The Chino company has, for convenience of reference, grouped 
its property into six ore bodies, as follows: C. Y. B., Sierra, Hearst, 
R. W. T., Old Fort, and Estrella. This grouping, however, is some- 
what artificial and the divisions do not correspond in every case 
with actual breaks in the mineralized area. In fact some of the 
ore bodies are somewhat merged with each other and some are 
separated by areas of mineralized but low-grade rock. Their annular 
grouping around a relatively barren core, their extent, and their 
general relations are shown by Plate III. 


HISTORY OF MINING IN SANTA RITA DISTRICT.¢ 


It is said that copper was first mined at Santa Rita by the Aztecs. 

It was probably one of the places where they procured the native 

metal. About 1800 a friendly Apache chief showed the croppings 

near the present Romero shaft to Col. José Manuel Carasco, the officer 
in charge of the Spanish military posts in New Mexico. Col. Carasco 

‘interested Don Manuel Francisco Elguea, of Chihuahua, a wealthy 
merchant banker and subdelegate to the Spanish Court, and the 

latter obtained a concession to the property under Mexican law. 

Four years later Elguea purchased Carasco’s interests and began to 

open up the property. The copper produced found a ready market 

with the Mexican Government for coinage. Almost until the early 

nineties the region was infested with warlike Apache Indians, who 

were not subjugated until almost exterminated; hence the Spaniards 











_ aThe chief source of information regarding past conditions is a manuscript report by Mr. John M. Sully, 
Manager of the Chino Copper Co. * 
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had to build a fort and maintain a military force to protect the camp. 
The fort was a triangular structure with heavy built adobe towers 
guarding each of its apices, and these were joined by strong adobe 
walls. One of. the old towers is still standing and until recently was 
used as a jail. Other remnants of these ancient fortifications are 
still extant. 

Rough smelting works were built and from the sulphide and oxid@ 
ores mined copper metal was extracted in a crude way. This was 
carried on mule trains, under military convoy, to Chihuahua and on 
to Mexico City. It is said that Elguea left at his death, in 1809, a 
considerable fortune. Later, his widow leased the property to 
Juan Onis. After a few years it was leased to Siqueiros, and was_ 
worked intermittently, owing to Indian outbreaks, until the late 
fifties, when Indian hostility finally forced its abandonment. 

Gen. Sibley, in command of Confederate forces from Texas, held 
this region for a short time. Efforts, mostly unsuccessful, were ce 
made to work the mines. 

In 1873 the dawn of a more prosperous period was at hand, for 
M. B. Hayes, connected with the first smelting works in Coloradoy 
began work at the present Romero mine. <A 248-foot shaft was sunk, 
and a furnace, which proved inadequate, was erected. A shipment 
of 40 tons of picked ore and imperfectly smelted copper was hauled 
by teams 700 or 800 miles to a railroad station in Colorado and 
forwarded to the Baltimore Copper Works and to the Revere Copper 
Works, at Point Shirley, Mass. In October, 1873, Mr. Hayes and 
associates obtained title to, and possession of, the property from the 
sole surviving heirs of the Elguea family, who were settled through 
Mexico and Europe. Until the heirs had transferred their interests 
the United States Land Office had refused to issue patent to the 
property, because the Elguea family had rights under the treaty 
between the United States and Mexico. Later, patent was taken out 
by the Hayes interests, so as to make the title more secure and to 
guard against future litigation. 

In 1881 the property was sold to J. Park Whitney, and a aoe 
mill, later burned, was erected near the foot of Romero Hill. In 1882 
diamond drilling was done. Although the records of some of these 
holes are still extant, their exact location has not been ascertained. 

The year 1891 saw the railroad completed to Hanover, a few miles 
away, and in 1899 a branch into Santa Rita was finished. 

In 1897 Mr. Whitney gave a lease and bond to the Hearst estate, 
but in 1899 sold the property to the Santa Rita Mining Co., before 
the lease had expired. The new company developed ae larg 
bodies of high-grade sulphides and considerable native copper. 
After extraction of these, active operations were carried on, mostly 
by lessees, on a basis of 35 per cent to the owners when copper was 15 
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‘cents or more per pound, and 25 per cent when it was less than 15 
‘cents. The Santa Rita company, however, continued to operate the 
mill, treating ore purchased from the lessees and low-grade ore from 
the dumps, formerly thrown out as waste. It is said that this old 
mill, which had a capacity of only 120 tons per day, left copper in the 
tailings to the amount of 4 per cent of the rock treated. Itis therefore 
a far cry from the old methods to present-day milling efficiency. 
-Lessees continued work until about 1906. Ore containing 10 per cent 
copper was sold by them, but ore with a lower copper content they 
threw on the waste dumps. 

A new era dawned on this ancient mining district in 1906, for in 
that year systematic sampling of the property was begun by Mr. John 
M. Sully, the present manager of the Chino company. The old 
dumps and the old workings were sampled, and churn-drill sampling 
was begun. 


PRESENT CONDITIONS AND EXTENT OF PROPERTY. 


_ After an extensive report by Mr. Sully concerning the results of 
the sampling mentioned, the present company acquired the property, 
which now consists of 147 mining claims, including fractional and 
full claims, comprising 2,645 acres; 131 of these, aggregating 2,412 
acres, are patented. In addition, the company owns 160 acres of 
agricultural land adjacent to its mining claims. The property 
contained 19 different shafts, aggregating over 4,000 feet of sinking, 
and these were connected ie several thousand feat of PCE, 
workings. 
_ This, then, was the beginning of the He eeiatetent as a result of 
which an old and inefficient mill that treated 120 tons of ore per day 
has been replaced by a modern mill, with a capacity of about 7,000 
tons per day, which successfully treats ore containing less than 0.8 
“per cent of copper. 

Stripping operations were started by the Chino company in October, 
1910, the ore taken out being sent to stock piles. During August, 
1911, the first shipment of ore was made to the mill. The total 
shipments during that month were nearly 14,000 wet tons. 


ip PROSPECTING AND LOCATING ORE BODIES. 


Preliminary to the systematic prospecting and delimiting of the ore 
bodies with churn drills, an accurate topographic map of the region, 
on a scale of 100 feet to the inch and showing a contour interval of 5 
feet, was made. This map was then laid off into north-south and 
east-west coordinates at intervals of 100 feet, and a datum point ata 
coordinate intersection was established, for the purpose of locating, 
by coordinates referred to this point, all the drill holes that were to be 
put down, as for instance: Hole 10, north 650 feet and west 355 feet. 
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CHURN DRILLING AND SAMPLING. 
TYPE OF DRILL USED. 


For prospecting the ore body, No. 6 deep-hole Cyclone churn drills 
were used. They were fitted with steam power and were of the 
walking-beam type, using 4-inch to 8-inch bits, depending on the 
depth of hole and other conditions. In sampling low-grade deposits 
of relatively even tenor over a large superficial area, where the rocks 
are not hard, these drills give much better satisfaction than do dia- 
mond drills. Of course, churn drills can sink only holes that are. 
vertical or approximately so, whereas diamond drills can be used to. 
bore at any angle. 


METHODS OF DRILLING. 


Drilling was begun as near to coordinate intersections as was con-' 
venient. Each drill was operated day and night by two crews, each 
working 12 hours, and consisting of a driller, his helper, and a sampler, 

In the process of drilling, water was poured into the hole to form a 
sludge with the cuttings. As the drill was removed any mud adhering 
to it was washed back into the drill hole. In relatively barren surface 
material, trial samples were taken at intervals of about 5 feet, but 
below the surface material samples were taken every 3 feet, the 
distance being measured by marks on the drilling cable. When 
ready for sampling, a bailer with a valve in the bottom was lowered, 
and all the sludge cut in the sampling interval, 3 or 5 feet of drilling, 
was carefully bailed out. The sludge from the bailer was discharged 
into a launder, and from there was cut on what was in effect a Jones 
sampler. The material saved, about one- -quarter of the total, was 
caught in a tub and, if too bulky, was again poured through the 
sampler; the bailer, launder, and tub were washed after use, and the 
washings were also run through the sampler. The final quarteral 
sample, amounting to about a gallon, including the washings, was 
sent to an evaporating furnace, and, when dry, to the assay shop, 
The method of treatment ow 1S described later. A part of each 
sample was caught and carefully panned, so as to indicate the kind 
and character of the rock and the minerals contained, and all the 
results were set down in the record or log of the hole. 

ERRORS IN CHURN-DRILL SAMPLING. Z 

The errors peculiar to churn-drill sampling are as follows: (a) 
Deviation of the hole from the vertical; (b) breaking off at the point 
of drilling of a surplus of rich brittle mineral, thus giving a sample 
that is too rich; (c) concentration of heavy minerals j in the bottom 
of the hole, so that they are not reached by the bailer, or are recovered 
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from the hole when it has reached a much lower depth where the 
rock may actually be barren; (d) caving of the rock from the sides 
of the hole. | | 
Little trouble resulted from the deflection of holes, except in a few 
instances where the drills penetrated narrow zones of crushed rock 
contained between relatively hard, steep-sloping walls. The ten- 
dency was then for the drill to be deflected along the slope into the 
softer material. However, careful drillmg usually remedied this 
tendency. A few deflections of as much as 4 or 5 feet per 100 occurred. 
Concentration of heavy minerals in the bottom of a hole was not 
particularly troublesome, and was largely obviated by careful clean- 
ing out of the bottom of 
the bore each time a - 
sample was taken. 
- Caving was the most 
obvious cause of error, 
but was largely remedied 
by casing the hole and 
continuing it with a 
smaller bit. As a result 


Ori/! operation 








@ Q. 
of this procedure some of S 3 
the holes that were 8 8 8 
inches in diameter at the = PE See “i 
top were only 4 inches FIGURE 1.—Diagram showing character and distribution of re- 
wid e at th e b ott om. ports made in connection with drill holes. 


The accuracy of the churn-drill method of sampling was later tested 
by a few shafts and “raises” along some of the drill holes. The 
average results obtained from shaft samples and from drill-hole 
samples agreed closely. The churn-drill method of sampling other 
similar copper deposits in the Southwest has been proven compara- 
tively accurate and satisfactory. 


OPERATION AND EFFICIENCY OF PROSPECT DRILLING. 


_ At the end of every shift, each driller submitted to the mine office 
‘an outline of what had been accomplished by his crew during the 
hours on duty. This was recorded on a special form, shown as 
Form 1 (p. 12). 

_ In addition to the shift reports, each drill crew sent to the assay 
office samples quartered down from the total cuttings of every 3 feet 
of hole drilled. These were assayed and the returns were sent to 
the mine office as soon as completed. The different reports men- 
tioned are more graphically shown by figure 1. 

E 43503°—Bull, 107—16——2 
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Form 1.—Form used by driller in reporting to mine office the work done by his crew.@ 
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SAMPLES. % 
; ‘ Sampling : n ¥ 
Depth. Character of rock. Minerals. appliance. Caving. 5 3 
fas} q 
re 
1. Quartz-diorite. | Color ofsludge: | A Chalcocite. = 3 x, 
2. Andesite-p o r- Red or dark Pyrite. as ¥ 
phyry. brown. C Metallic cop- oe fs 
3. Quartzite. Light yellow. per. ous) { 
4, Limes or other | Pinkorpurple.| D Oxides of cop- ae % 
rock. Light brown. per. rs > 
Num-}  Leached or un- Gray or white.| E Carbonates. bes hae EM 
ber of leached. Green or blue. | F Chalcopyrite. | © 3 ce 
sam- Altered or un- G Magnetite. 2) es = 4 
ple. altered. H Hematite. Ph Sab) Seestae q ee 
Hard or soft. I Mica. ro ai3o|/ft3id | oa 
5. Silicified p or- = 4/4/29 |a| oe 
phyry. ae a/9)/2° | 8 | oa 
6. Central city in- : oF id a o | a 
trusive. vee Pepe xe i a P| ga 
m| ae (Ala lela |e lA 
GENERAL REMARKS. 
WaTER.—Depth reached..........-- Stands. at depth of... .....0s..25-2 nes <r 
Fautts AND Cray Seams.—Depth below surface...ft. Width of fault material. ..ft. 
NiZHeOn DIT sass Casing: Size.........- lepth .iaear Beer 
EMPLOYMENT OF TIME. 
ACTAL CiTlling NOuisaca als meee eer Moving and setting up hours..........- 
ue Dale ROUTs. ys ean tse eee ewe cakes Casing or removing casing........-...--- 
Crier delays; isl. s0U ve Hie ytd coe Ge se ee ne he Ee eee J 
4 Bi CUES Lae) Dr agi 5 elt se Oy Rage OS oe NS ye Shift... 2c... 9 
HeIper static a ak tes Ge ete ele omens Date s2.225 i. ites To oe 
PAIN DICE jie 3 Soe ered es renee ee ee eal Aape ated Hole Nose vas Drill No. .-238 


Nore.—Enter time after each name. 











a Size of form as printed by operating company, 83 by 13} inches; held in binder through two holes in 
top. 
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In the office the data from the daily drillers’ reports were compiled 


‘into a monthly report (Form 2). The average performance and 


Form 2.—Form4 used in compiling monthly report from data in daily drillers’ reports, 


as shown in Form 1. 


IDrileNowsescee 


repair- 


Driller. | Helper. 


Hours drilling. 
Hours moying. 
| Hours reaming. 
ing 


Number of feet 
drilled 
| Hours easing. 
“Hours 
| Other delays. 
| Total time. 



































Sa ao ee es a ey eee ee ee (ee es eee een ey 

















i Size of form used by operating company, 82 by 14 inches; upper half only, showing space for recording 
data covering day shift, is shown; lower half provides for similar data covering night shift. Held in 
binder through four holes at left. 

ficiency of the churn drills used in prospecting the Santa Rita ore 
bodies can best be shown by the table following. In this the per- 
formance of two Cyclone No. 6 deep-hole drills is averaged for a 
Beriod of 10 months. The figures are fairly representative of what 
has been accomplished by prospecting drills on the somewhat soft- 
ened and locally sheared granitic and other rocks of Santa Rita. A 
similar table, showing in a comparative way the performance of all 


the drills, was made out for each month. 
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Churn-drill record. 


[March to December, 1912—10 months.] 








_. DAY SHIFT. 

F Total | Percent | Percent | Per cent | Per cent pat Pi 

Drill No. drilled working | time time time time ocean 4 

* | hours. | drilling. | delayed. |repairing.| moving. drilling am 

Se 

Gish aS are ne eter conte eee ee 3, 221 3,727 59. 3 STLS22 3.0 19. 2 . 1.46 

fe oa ee. RRA Siete. AIM oe Of? omar 3, 365 3, 776 70. 7 10.6 2.5 16. 2 1. 26. 
NIGHT SHIFT. : 

(His Se ee ae gan, US TE hay 3,071 2,598 78.9 16. 4 3.5 1.2 1.50 
Tf dn) SA AoE Sr a) Sp ee BR 2,947 2, 850 84.4 12.3 2.2 yal 1. 2a 
TOTAL. i 
Bere sr lun en 2 tba Se ee 6,292 | 6,325 67.01 suk 8 3.4 12.1 1.4 
hs ola ae ROR) A 6.312 | 6, 626 76. 4 11.3 2.4 9.9 1. 255 











COST OF PROSPECT DRILLING. 





To the miner the cost of prospecting is of great importance; hence 
cost data regarding churn drilling these ore bodies are, through the | 
courtesy of the Chino Copper Co., presented in some detail, as” 




















follows: . 
Cost data on churn or prospect drilling at Santa Rita, N. Mex. ng 
Cost of— 4 
ts 
Drill Nos. Month. a = 
: . dmin- Per Per 
Labor. |Supplies.| Teaming. istration. Total. foot. | shift. é 
1912. 5 
6. Prand 12.) May. i. 1 scace ce doe $2,106.14 | $494.03 | $142.18] $349.28 | $3,091.63 | $2.31 | $22.90 
6 and 7....: Fume. ce eee 2,029.35 |- 661.09 80.25 | 270.23 | 3,040.92] 2.29] 26.4 
Band 2oso2% Fahy, eee ras 1,997.43 | 451.20] 112.75] 229.67] 2,791.05] 2.23] 24.48 
6 and 7..... Anoustc chr ar st 1,969.57 | 496.14] 129.00] 209.12] 2,803.83] 2.00]. 23. 
6 and 7..... September........ 1,953.78 | 442.02] 150.25| 234.24] 2,780.29| 2.13 | 24:5 
Gard 7...:. October.....-- ----| 1,823.99) 506.98 | 153.95 | 185.25] 2,670.17| 2.68|  23.0mm 
6 and 7..... November.......- 1,775,52 | 619.47 | 134.75 | 238.54 | 2,768,.28| 2.42| 27:gmmm 


a 


The above table is valuable as a general index of the cost of churn. 
drill prospecting. Of course, in other places local conditions might 
cause considerable variation from the figures given. 


— 


ASSAY RECORDS AND ORE CLASSIFICATION. 


The assay returns were compiled on loose leaves (Form 3), which, 
when filled out, were put into strong permanent binders and kept as 
volumes. In the columns of this form the location of the sample — 
‘in the hole was recorded under depth and its value when assayed by 
the permanganate method was shown in the ‘Perm. Cu.” column, ~ 


ASSAY RECORDS AND ORE CLASSIFICATION. LD 


ca 


Form 3.—Form used in assay record of drill-hole samples. 


DRILL HOLE NO. .................- 


Deoriinatesteter i207 oe aes 

Time: drilling’ 722 -.. 02. see aR ee 
% % % % 

Depth. Perm. Met. Cu. ~-| Elect. | Averages.| Rock. | Minerals.| Sludge. 
Cu. Cu. total. u. 


SS ee eS SS es 


‘The results of electrolytic check assays were recorded under the head- 
ing ‘“‘Elect. Cu.” In the column headed ‘‘Averages,”’ the ore was 
‘divided into classes, as follows: 


Ore classification used by Chino Copper Co. 


. Class. Copper content, per cent. Designation. _ 
aren re er ie ets eae Ns oer 0.00 to 0. 79....Poor. 
Ne ee Ewe Se ETS ei Ae ees - 0.80 to 0. 89....Low No. 1. 
Pee Ret ere Meee te Oe se. cee ee Se 0. 90 to 0. 99....Low No. 2. 
1h tes My a Sa Ree LS EP Ok 2 Ie i ne 1.00 to 1. 24....Fair. 
Rynpe eet metho dae aay en ein tas se: tee 1. 25 to 1.49....Good. 
Pee ite aas  ee Se ey ee RM nye Seni Ao Ad 1.50 to 1. 99....Excellent. 
oe ee een Ley ene a 2.00 upward - . . .Superlative. 


_ Any native copper contained was recovered by screening or panning 
the crushed sample; this was weighed and the weight recorded in the 
column headed ‘‘Met. Cu.” The sum of the native copper content 
and the copper determined by the permanganate method was then 
‘set down in the column headed ‘‘Cu. total.’ Notes on the kind of 
Tock passed through, the minerals encountered, and the color and 
character of the sludge were set down in the columns. headed ‘ Rock,”’ 
“Minerals,” and “Sludge.” It will be seen that this form gave a 
comprehensive record of each hole, including its location by coordi- 
‘nates, time of drilling, depth, values for every assay interval of 3 feet, 
‘and averages. However, to more thoroughly visualize the mineral- 
ized conditions indicated in each hole, its assay record was plotted 
on cross-section paper somewhat as shown on Form 4. Two ink 
lines to represent each drill hole were drawn as shown. ‘The sections 
as determined by the groups of assay results were indicated by hori- 
zontal ink lines, as shown, each small square on the paper represent- 
Ing a depth, or sampling interval, of 3 feet; the figures opposite 
showed the percentage of copper that the rock contained. 
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In grouping the ore into the foregoing classes, every sudden and - 
considerable change in values, if the record showed a change in 
the character of the sludge, was noted as a possible class boundary. | 
Rock carrying less than 0.8 per cent of copper was considered of too 
low grade to be classed as ore, as is explained later. However, where 
small masses of waste occurred with the ore, in such a way that sepa- 
ration from the latter could not profitably be carried out, it was 
figured in as a diluent of the ore reserves. 


CROSS-SECTIONING THE ORE BODIES. 


Following the assay-record sheets came the work of making cross — 
sections of the ore body. These were compiled from the data shown 
on the assay records and the drill hole records and show both north- 
south and east-west cross sections of the ore bodies at intervals of 
100 to 200 feet, depending on the spacing of the drill holes and the 
data that they furnished. Where the holes were several feet away 
from a cross section, the data from them were projected to the section 
and recorded there, with a statement of the distance and direction of 
the hole from the section. These cross-section sheets are used to show 
the general form and relations of the ore body and the relations of 
the different classes of ore with the barren areas and with each other. — 

A typical generalized cross section is shownin Form 5. The scaleis- 
the same as that used by the Chino company, namely, 1 inch equals © 
200 feet horizontally and 60 feet vertically. Each hole shows in — 
place the number of feet of each class of ore, and of waste, that is 
encountered. Lines were drawn connecting points of approximately 
equal values; thus, by the law of averages, the relative quanti 
of each class were Peohitaliy shown on the section. 

The figures 20, 21, 23, etc., along the top of Form 5 are the numbers” 

of the drill holes dest the line of the cross section, the cross section — 

- being constructed from the data revealed by these holes. The 

numbers 2’ N, 3’ S, etc., under some of the hole numbers mean that — 
the hole is 2 feet north, or 3 feet south of the actual cross-section line, — 
but the data from holes that are so close to the section are projected — 
onto the section just as though the holes were in line. The P areas © 
(unshaded) show the relations of waste material to ore, etc. The — 
shaded areas that lie inside and above the heavy dotted line are ore 
areas, and these are divided into two different classes by two different " 
patterns of shading. The shaded areas are further subdivided into a ‘ 
total of five classes of ore by light dotted lines connecting points of — 
similar change of value in each drill hole. 3 

The ore below the 6,050-foot level can probably not be recovered — 
by steam-shovel mining and the present methods of rail haulage, so — 
that the cost of recovering it will be somewhat increased. 
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Form 4.—Specimen cross-section assay record of results of sinking three prospect churn- 
drill holes to determine copper content of ore bodies. 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HOLE A HOLE 8B HOLE C 
[E.100; S.0.00] [E.100; S.0.00] [E.190; S.1.30] 
Per cent Per cent Per cent Per cent Per cent Per cent 
Elevation Cut Feetb On® Class?  Cu% Feet? @u° Class? Ou®% Feet? Cn? Classd 
6400 “0 200 
00 xy 
'r! T; 
r, 02 
r «06 A 
06 «06 3 
SCL 1D E 
=)3 8 
; ~)2 130 
30 r' 00, 
208 £00) 
-20 9 al 
a a POL 9-14-9372 
~00 99 
5) 1.10 
6350 1.08 h 
1.110 We Tain ea $827 |i 1 
" E 1 “186 1,70 
; 172 
60: 1.30 ni 1 . 5! E 
-BD 1.80 
-0 87 yl 2.110 
2.00 2,28 26° 
2.)10) 2. ; oi 
2.{19 2.80] 1 Ss 
PASS i a) S 2,36 
z : | 2.144 
1 1.00 
2.00) 1.10 ie cried al lise 
aemeeo Le 
; 1.95 ! 
ue 102 15_ 11.8801 FT Gl IG a Od 
i 1.98 
15 ip Li] 085 
i +95 
~A5 00 
8 at i 1 C 
; CI 280 
2) me 1.00 9715-7 B 
A 1,0 
{18 Liat) 2 19 F L300 
a 1.08 ma 
; +60 
04 ai Tar ia 
~o3t (] [80 «8 
207 -BO 
rn D5 (| 
Tr 25 | 
6250—- 150 in fp .208 7 
‘i 209) w12 
S 18 
5 02 
| Jan 208 _ 
{19 06 Pe 
| =B2 04 oy L_| 
| 838 6 85 J-1 I fal Mn 
10 | Tr LI 
12! 02 BG 
Las] |__| 1.48 5 “be i 
iL 0 1.90 oe a 3 912 L-2 
2.10 ~08 [| 
70) 03 E 
-95|4_[91_[ [81 i] 207 1.333 | |G 
| ~B0 1h “0 a oe 
-H BL 240 Cy 
2 i ali 80 iS 
6200-4 1s 12-14 50k oe 00 
ap RE a Bett SEO fe 1 
fat OB -90 
295 “i co 
2.35 1/10f) |_| 
{_[2.211 - 1.12 150-S 
Ea ae 1.18 5 | 1.204 t ee 
ia 2.36 | ie 
2.20 BL | 2.600 |_{S 2.00 Bi 7 
A i 2hol + [9 | 2077 11S sh Pic 
B40 — 2.22 im | 2.13 
2.95 05 feepoas 
3,110 | 202 oy 
. a pat tot Ls) tele. 60 | 1H 
6150 | 3.19 “295 
331 1.110 
ae 1.20 i 
1.28 | 
1.20) ? ee 1.32 u 26 
| Tao} (] 2-5 1.36 
270 “i 183 
768 1.90 12 E 
v5, [15 + 1.8 ic 1.95) 4 [i> | 1,920 | 
: = | 
0) 1.10 Be 8 E 
Q 15 | s 
Bs 74 a 4 
: 85 
4 92. -2 | 
21 290 : 
6100 0 20 | 05 400 
Ai) He 1.20 
05 I “90 
. | ~60 
AAS, P va 950-4 E-2- 
08 [ -B8 
09 | -B2 
etal 01 26 
a (fr 24 | wi 
30 | (rr {10 | 
b3 2} | 
20 08 $ = 
| 29 | +06 i 
rl 0 08 
95 9/ 83 | (U1 +12 
~90! | 16 
1.50 2 P 
605 1.65] tig tf 49 28 Ai 
etc a 1,70 32 : | 
1.95 3 
B60 20 = bi 
5 - 02 pe . % LG 1 7 | 
2,10 08 nis 
| 2.18 21 | 2.157 Is 1,20) aH 
2.30 1,28 fit | 
a . ! aa 223 
2.18 Ep i 
HI 218 12th | 120 |G Ht 
De eh IME FES x00 ie SH Sa 
40 -60[_ | ple 912 2 2.ho (Zl wi, 
RY Et oe an 5 tg S| 1.08 | 
tate “05 2. LAT} [15 | 1153 
[fait rT 2.10 1.21 ale 
6000: [ 115 iT; 16 1.90 1.29 
180 . peo ott 775+ te 1.85 
be He Le es | 
Cc BOLL Tb dgg elt 1.00 eee M 
: ie - 21 Ri 
H -B8 B 95 9 950 2 1.97 a 
420 “50 “50 ao 
fib | pz 155 ail a 
| oF a any 21_| 2.128 | 1S 
| is BD 208 
4s 28 2.07 
Tae a is 1.65 
A 1.63 
meee wd 10 a 61 ama 
5950-450 160-4 a pt aS IP Leal (128400 GE 
licens bad 2 L_| 4 1,63 
“gl | 0 1.67 a 
+08 08 | 62 
aes 2 +09 5 
a pe “olf 
20! 8 
‘Tr 04 bo 
209 25 “30 P 
heal 21 7 25 
+62 -80 ; a 
480; 605 683 19 TL 1 ae 
tao tL24-458-}-1F aT : 65 
up | 1,10 B 6 390 2 
zie a, 9 1.233 1.20 
| 2 2.13 1.82 
2.10/ } 2% | 2.13 2.10 
POs ee ee 2.005] | js ue 
510 ae | aie 1.98 
1 2.05), : 1.25 Tainan 
i 2.05 1.85 6 30 1.60 
| i: tit =| 1.55 
A 7 5 F 
IT fahe “BL? g3 u 18 
1.08 aT 1.22 
90 270 5 
86 9 85. 63 * 
0 “BO BT -e 
260 30) ’3 
oO 
82 23 7 
228 7 ho 
5850 09 09 te 
01 -02 02 
ir a { 02 
r bY Tr 
iz r r 
570) 00 a 3 








a Percentage of copper present in each 3-foot sampling interval. The depth intervals or sampling 
intervals of 3 feet are represented by the side of a small square. 

b Thickness in feet of each class of ore encountered. 

c Average value in percentage of copper for each class of ore encountered. 

d Symbol for each class of ore, see p. 15. 
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The notation 10 N., East and West crosssection, at the top of the 
cross section means that this is an east and west cross section, and is 
the tenth north from cross section 1. The figures 1000, 1500, etc.; 
are the horizontal distances in feet. The vertical distances, referred 
to sea level, are shown by the figures 6050, 6200, 6350, etc., on the 
right margin. 

The use of colors to denote the different classes of ores shown by 
the cross section adds greatly to its clearness. In the form as used 
‘at the mine two colors, indicated by shading in the form as presented, 
were used to bring out the special sista 

Figure 2 represents two drill holes. Hole 7 shows 3 feet of class E 
ore below 17 feet of barren rock. Hole 2 shows 10 feet of class E ore 


Hole L Surtece ° Hole 2 
R Y NN ee CENA AA RTA KN 


\ 7 10 feer 
pa CI9SS P 
WaISTE 


\ a “y heer class P 


ee feet 
(©_ class E 
i O58 


1ofeer 
>f class S 
c ore 





Figure 2.—Method of estimating classes of ore from drill records so as to show them on cross sections. 

_ 4a, hole 1,17 feet of class P rock or waste; b, 3 feet of class E ore; c, 10 feet of class P rock; d, hole 2, 1g 
feet of class P rock; e, 10 feet of class E ore; /, 10 feet of class Sore. The area A would be waste, the area 
B would be class E ore, and the triangular area C would be S ore. It would be figured as extending 

up to hole 7 though no S ore had actually been encountered in that hole. The D area would be waste 
rock that would not be moved. 





and 10 feet of class S ore below 10 feet of barren rock. A straight 
(dotted) line connects the top boundary of class E ore in hole / with 
the top boundary of this class of ore in hole 2; and similarly for the 
bottom boundary. Although no class S ore was found in hole 1 yet 
the class S ore body found in hole 2 may maintain its full thickness 
out nearly to hole 1, so, by the law of averages, it is approximately 
correct to figure the ore as occupying the triangular space C. 

Cross sections are very helpful in showing the trend of ore bodies 
and their form and general relations. Where geological conditions 
can be shown on the cross sections they are especially valuable in 
studying ore deposits. Such cross sections as are presented are not 
quite accurate enough for use in making final estimates of ore ton- 
nages. A more accurate method of ore estimation is discussed in a 
subsequent section. 
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18 PROSPECTING AND MINING COPPER ORE AT SANTA RITA. 
GENERAL CONSIDERATIONS IN DELIMITING ORE BODIES. 


An inspection of the completed cross-section sheets made fairly 
evident just what ground could profitably be mined under the con- 
ditions. With the cross-section data as a basis, the limiting outlines | 
of the ore bodies were drawn on maps showing the surface configura-_ 
tion, drill holes, etc. The chief considerations that governed the | 
mapping of the horizontal limits to which ore could be mined were 
as follows: (1) The depth of the overburden and the slopes at which 
its banks would stand; (2) the local size and thickness of the ore 
body and its character and value; (8) the method of mining—whether 
the ore body could all be taken out by steam shovels at about the 
same average cost as the main part of the ore body, or whether extra 
expense would be involved. 

Of course, it was recognized that there must necessarily be a limit. 
to the depth to which steam-shovel mining with locomotive haulage 
could be carried. After consideration of various factors it was 
believed that below the 6,050-foot level (measured from sea level) 
the great open-cut mining pits would be so deep and so restricted © 
in area at the bottom that certain modifications in the methods of © 
mining the ore below that level—a relatively small percentage of the 
total ore—would have to be adopted. The chief factors regulating 
the depth to which it would be convenient to mine with steam shovels 
were believed to be as follows: (1) The horizontal extent of the ore 
body, in relation to its depth, would have to be considered because a 
certain amount of ‘‘elbow room’”’ would be necessary for steam 
shovels, car tracks, etc.; (2) the maintenance of economical trans- 
portation grades for hauling out the ore and waste would limit the 
depth of working by steam shovels and locomotive haulage; (8) if 
the horizontal dimensions of the deposit were great enough, steam 
shovels might load the ore even in very deep pits, and it might be 
hauled out by means of Shay or rack-geared locomotives, or “over” 
inclined planes with cable haulage. i 

Estimates of the ore above the 6,050-foot level were kept opera 
from those of the relatively small proportion of ore below that level, © 
as the cost of taking out the lower ore would be slightly greater. é 
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METHODS OF ESTIMATING ORE. 


- When the facts collected in prospecting and sampling the ore bodies 
were supplemented by geologic and by general mining cost data, the 
whole body of information thus systematically gathered was used in 
estimating the tonnage of rock rich enough to be classed as ore and & 
available for mining. M4 
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grades of ore, are explained on page 15.]} 
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6350 


6200 


6050 


5915 


Form 5.—-Typical cross section of ore body. 


[This section was designated “Cross Section 10N, East and West.’’ One inch represents 200 feet horizontally and 60 feet vertically, Letters, P, L1, L2, F, G, E, 8, showing grades of ore, are explained on page 15.] 
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METHODS OF ESTIMATING ORE. — a 


ASSAY PLAN. 





In proceeding toward a methodical soiution of the problem of ore 
estimation the first step was to make an assay plan. This consisted 
of a copy of the original drilling map showing each hole, by number, 
its location, the number of feet of ore encountered in it, the average 
value of the ore, the number of feet of waste that would have to be 
moved from the ore there, etc. 


PRELIMINARY ESTIMATES. 


_ Some general idea of the form and size of the ore body, as well as 
possible methods of working it, had to be obtained before definite 
figures on the amount of minable ore available could be made. For 
instance, if only a quarter of a million tons of ore was in the deposit, 
the average cost per ton for mining would be more, other things being 
equal, than if it contained 5,000,000 tons. 

After determination had been made, in a general way, that the ore 
body was properfy situated and extensive enough to warrant mining 
it with steam shovels on a large scale, an estimate was made of the 
probable cost of removing and dumping the valueless stripping mate- 
rial and mining the ore by open-cut methods on ascale commensurate 
with the great size of the deposit. The estimated cost, including con- 
centrating, smelting, marketing the product, all wastage, and all 
expenses was $2 per ton for moist ore. From the cost data on mining, 
shipping, and treating the ore from the somewhat similar ore bodies 
of the Utah Copper Co.’s properties, it was known that the figure 
mentioned was a conservative oné on which to base estimates of the 
ore reserves. 

In order to facilitate the estimation of ore, the critical worth, below 

which mining at a profit could not in general be counted on, was 
expressed in units or values of copper. At 13 cents per pound for 
copper, ore that assayed 0.8 per cent, or 16 pounds of metal per ton, 
valued at $2.08, meant at least 8 cents per ton profit, if, as above 
stated, all costs and wastage allowances amounted to $2 per ton. 
_ After figures of this kind had been prepared in this general way, it 
was decided to adopt 0.8 per cent of copper as what might be called 
the critical content. All rock containing a less percentage could not 
on this basis be estimated as.ore. However, it was realized that if 
the price of copper went up considerably, then wherever practicable 
much of the leaner rock would undoubtedly be mined as ore, but such 
a contingency could not, of course, be made a factor in a conservative 
timate. Wherever a mass of lean rock happened to be surrounded 
by ore, so that separating it was unprofitable, then of course it was 
gured in as a diluent, which reduced somewhat the average tenor 
f the ore. 
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A critical copper content of 0.8 per cent having been fixed as the 
content below which the rock could not conservatively be called ore, 
there being very little gold or silver in it, the estimate was made — 
first by the cross-section method, which consisted in estimating the — 
mass of ore by means of square prisms and then by figuring its value — 
from the drill-hole and cross-section data. Later, as a check, the — 
more exact triangular-prism method was used. As this method is © 
better adapted for close and careful ore estimation, though involving — 
about the same general principle as the cross-section method, it is 
explained in detail below. 


3 
: 

| 
‘ 


ESTIMATING ORE BY TRIANGULAR-PRISM METHOD. 


From the assay record of each drill hole the ore reserves were cal-_ 
culated. For these calculations three well-bound books with blank 
pages were used. They were each about 94 by 12 inches in size and 
were cross ruled on a scale of 4 spaces to the inch. Book 1 may be © 
called the log book of prospect drill holes. On page 1 were recorded ~ 
the ore calculations for hole 1, on page 2 the calculations for hole 2, — 
and so on. 3 : 

The following examples are to show how the drill-hole records, 
prepared on Form 4, were calculated in Book 1: 


Specimen calculation sheets from drill-hole records shown in Form 4. 


























HOLE A (E. 100; S. 0.00.). 2 
LOG OF HOLE. ORE OF CLASS §S. ORE OF CLASS L 2, § 
Leet “é Percent Foot ee eee Percent Foot po 9 . 907 8. 16 
orore. ass. copper. cent. of ore. Copper. cent. y 
Rony tak os PL Oa 14) bads9 12.912 10.947 
Gq V2 e007 aae8- 16 51 2.600 132. 60 aes an ; 
15 ee ARGU 17679 21 2 157. 45. 30 “? 
61s Lee ST 5 Bats: 2b 27 2.135 57. 64 
21 § 2 114 44. 39 ; Hien) ORE OF CLASS L1. be 
152%, 1,880. 28:20 120 279, 93 6.875 5, 25im 
BOR CEE Fea te eee mat 6 .850 5.10% 
15 G 1.480 © 22.20 15 .840 12.608 
Om Tuite te-R iy 7.25 15 1.880 28.20 9 _ 883 7 4 
12 £E 1. 500 18. 00 1213500 18. 00 12 _ 938 10.05 _ 
51 S 2.600 132.60 12 1.700 20.40 9: .350 76m 
TO ALISO ISRO es os gs 
Ro olen oy 840 ae 100 39 66. 60 66 55. 94 
RA Pa ee eee : 
0 Ppa? Rese yen ORE OF CLASS G. CLASS P WASTE. 
12 E 1.700 20.40 
HS eB 45. 96 15 1.480 22.200 i9g ss 
12 L2 .912 10.94 pees 
15 Hs 1 ee 40 iapag rend se gt 520 519.99 
2 LY .838 10.05 15 1.18604,17279 | 
604 PO Rees ag 12 1.150 13.80 
12 OB) dd 853 89 15. 1.160. . 17.40 
21 eS 2.135 57. 64 1221-158" - 18289 
Lee oy LALZ. 318934 12- 47112" 1394 
Wed Ven Rhames etl ae ay ets me 
me 66 76. 22 
520 519. 99 


a Waste. 
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HOLE B (E. 210; S. 0.00.). 




















LOG OF HOLE. ORE OF CLASS S&. ORE.OF CLASS L 2. 
Percent Foot per Feet Percent Foot per Feet Per cent Foot per 
. Class. copper. cent. of ore. copper. cent. ofore. copper. _ cent. 
Er ig 2 PIES 18 2.283 41.09 Lo OST ke 
Pree O87 E11 24 9 2.077 18.69 12. »950-'. 11; 40 
F 77138 24) 10,19 Ger 221 00° 31.50 24°». 924 22.18 
EK LOO. (21700 15 2.100 31.50 90,950 8. 55 
S 2.283 . 41.09 — eee 
F 1. 050 6. 30 57 122.78 57 53. 27 
i" 1 sé oe ce 7 ORE OF CLASS E. ORE OF CLASS L 1, | 
Roe 1.075: 912, 90 12 1.750 21.00 15.810 12.15 } 
eC GAB Oey ea Tari: 085.03, 22 18 .861 15.49 
Tepe OO keh 5 20 15 1.920 28.80 12 .887 10.64 
Bed 204), 718206 124770130 12 .850 10.20 
S 2 O77... 18:69 ae 9 883 7 95 
he OO: Sei k' 40 51 94, 32 BA he - 
G te 200 boo 66 ; 56. 43 
E 1.920 28.80 ORE OF CLASS G. 
Be fee ite 5 18 1.266 29.78 CLASS P WASTE. 
Lil .887 10.64 15 1.320 19.80 20] at. a eae as 
6 1.300 7. 80 = aes 
G 1.320 19.80 
= — 528 435. 83 
S Ze) ea e.00 39 50. 38 
EK sy A Rs on yk os : 
- 2 950 8. 55 ORE OF CLASS F. 
a am 6 6 @ ££ ase @ @ p.@ 
aa .850 10.20 97°28. 133>) 210.19 
etl; 233-640 10 6 1.050 6.30 
S DEO). 31°50 2 al. Ofo © 22590 . 
G 1. 300 7. 80 15 1.204 £18.06 
‘bb 27883 7.95 OSs 233". L210 








435, 83 51 58. 55 


a Waste. 
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HOLE C (E. 190; S. 130.). ; ; 
LOG OF HOLE. ORE OF CLASS 58. ORE OF CLASS L2. 
































Feet Percent Foot per Feet Percent Foot es Feet Percent Foot per | 
of ore. Class. copper. cent. of ore. copper. cent. ofore. copper. cent, 
a Genel. eg ee 24 2.150 951.60 12 .912 10. 94% 
TRA LS BBL a8 21.°-27128 —°44, 69 12 .950 11.4008 
Bee & 1. 260 320.02 —_—. 9 .910 8. 19 
1 A 1887 2204 45 96. 29 6 .900 5.40 
Alo ae 16085-2 22-79 wad a a 
Se 1. 97s. Reso RE oi 5) 39 35.93 
6 G 1. 300 7. 80 : : 
NHS 2s SER nice ee pc lee 6° "4. S7a: eR _ ORE OF CLASS Ll. , 
PO ae... os ORL: Oe 124 8508 22820 Roly 889 15.88 
9 G A ees et ee} 6 4,775 2105265 12.939 9.98 
1 aie 9 1 5G 22, 20 2317837222, 04 Ce P| 
24 § 2 ASOT ES) Ga 15 1.880 28.20 30) 25 86 
6 E 1. 7 tee OSG 18 1.600 28.80 ee 
2 higraon Sy 1.160 17.40 — CLASS P WASTE, 
6 [Je EN ESB fare o >)/ 9.98 81 145. 78 180 .. 
: : se oS oe ORE OF CLASS G. Sa 
Jo. 14008) 13,90 Biel 268.026,pe O31 495. 52 — 
12 TL 2s. =, 900m at eAU 6 1.300 7. 80 
eR eal pet aoimrem nn eee Soe RIN 9 et gaou 2000 
Ore fs SAO 8. 19 39 1.397 54.48 
15 F a Ub 5% a rare B nee 
15 E 1.880 28.20 75 100. 80 
ee se : ae a os ORE OF CLASS F. 
Bia has Se ae rage Otel O8bte ee 7D 
P 6°=1,9- 900 +) ba 15 160 27240 
39..G-, 1.897... 54, 48 181.120 20.16 
Sy OO P22 1570072913220 
531 495. 52 Lot 4s OL St 
pas Waste Ca ket, ee age 90. 86 


In explanation of the calculation sheets shown it may be said that 
tho number of the hole and its location by coordinates are set down 
at the top of the page, as Hole A (KE. 100; S. 0:00). In the left- 
hand column the number of feet of each class of ore or waste, accord- 
ing to the classification mentioned on page 15, is shown in proper 
relative position, having been taken direct from the assay record of 
the drill hole (Form 4). The average assay of each class of ore in 
percentage of copper is shown in the second column. 

Now 10 feet of 1 per cent ore and 20 feet of 2 per cent ore would now 
give 30 feet of 1.5 per cent ore, but 30 feet of 1.667 per cent ore. 
This correct average is obtained by taking account of the fact that 
there is twice as much of the rich 2 per cent ore as of the 1 per cent 
ore. The calculation follows: q 


Feet of ore. Per cent copper. Foot per cent. 
10 x 1 = 10 
ZO eR OG 2 = 40 
30 - 00 


Dividing the total foot per cent, 50, by the total feet of ore, 30, gives 
1.667 per cent of copper as the average value throughout the, 30 feet. 
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_ In like manner the number of fect of each class of ore is multiplied 
by its assay value, and the product is set down under the column 
‘marked ‘‘Foot per cent.”” The depth of the hole to the bottom of 
the lowest ore divided into the total feet per cent would give the 
average value for that hole. On the right-hand side of the page are 
segregated the figures for the different classes of ore for the given 
hole, the number of feet of each class, and its foot per cent. 
_ Book 2, used in the ore calculations, may be called the ‘“triangu- 
lar-prism book.” In its records the ore body is regarded as composed 
of a series of vertical triangular prisms, and the ore grade of each 
“prism is separately calculated. The first step in this calculation is 
“to take a copy of the drill-hole map and connect, by straight lines, 
each drill hole with its nearest neighbors, in such a way that ‘the 
whole ore-bearing area is divided into triangles, with the apices of 
each triangle, or rather the edges of each triangular prism, marked 











/per cent copper ad /per cent coppers 





[per cent coppers 


B 


FIGURE 3,—Methods of dividing ore area into triangles. A, incorrect method; B, correct method. 


by a drill hole. _ The ore grade in each triangular prism is thus closely 
approximated by the average grades found in the three drill holes 
forming its edges. | 

There is a right way and a wrong way to lay off these triangles. 
Suppose five drill holes were placed and showed values about as in 
figure 3. 

Figure 3, A, shows the wrong way to triangulate these holes, if 
‘divided in the way shown, triangle / would show only 1 per cent of ore, 
whereas in reality the 2 per cent ore should be calculated as extending 
halfway from e to a, as indicated by the dotted lines. Of course, in 
any particular case, the rich ore might not extend halfway toward a, 
but, according to the law of averages, it should be calculated as 
though it did, so as to make proper apportionment of the high aswell 
as of the low values. If the drill-hole area were divided as in figure 
3, A, triangle 7 would be undervalued and triangle 2 overvalued. 

- Correct apportionment of the values to each of the triangles is 
shown in figure 3, B. The data on which to base properly evaluated 
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triangulation are obtained not only from the average assays of each — ¢ 
hole; but largely from the geologic information, such as the con=— 
tinuity of the ore values, shown on the cross sections. 

When all of the ore-bearing drill holes have been connected byl 
lines so that each hole forms the apex of one or more triangles, each 
triangle so formed is given a number. On page 1 of the tienen . 
book are found the calculations for triangle 1, as follows: _ 


Specimen page from triangle book. 


TRIANGLE 1. AREA, 7,150 SQUARE FEET. HOLES A, B, AND C. 


[Data taken from calculations on pages 20, 21, and 22.] 





Class of ore. a 
























































8. E. a. 1M Toe Lil. | 
Hole. P, = 
feet J 
Feet Foot Feet Foot Feet Foot Foat Foot Laat Foot Foot Foot of 
ofore.| P& Jofore.| P& lofore. Pe fofore.| Pe jofore| P& jofore.| Pe waste 
cent. cent. ‘| cent. cent. cent. cent. », 
Acie... s 120 | 279.93 39 | 66.60 15 | 22,20 66 | 76.22 21) 19.10 66 | 55.94 1193 
Be aye ea 57 | 122.78 51 94. 32 39 50. 38 51 Doe 57 53. 37 66 56.43 |207 = 
Cae: 45 96. 29 81 | 145.78 75 | 100.80 81 90. 86 39 35. 93 30 25. 86 |180 3 7 
OY ie deena 222 | 499.00 171 | 306.70 129 | 173.38 198 | 225. 63 117 | 108. 40 162 | 138.23 |580 . 
DD Sane: 74 | 166.33 57 | 102. 23 43 57.79 66 TO.2k 39 36. 13 54 46.08 |193.33 
COte ees ss 529, 100 407, 550 307, 450 471,900 278, 850 386,100 =| 3 eee 
Gee 2 1, 189, 260 730, 945 413, 199 537, 752 258, 330 329, 472 | ie 


a Line a shows sum of the number of feet and foot per cent of the different classes of ore for the three holes. 
b Line b shows one-third of a, or the average of the three holes. y 
ec Line c shows average thickness multiplied by area, giving cubic feet of each class_of ore in prism. 
d Line d shows average foot per cent multiplied by area giving cubic foot per cent or “volume assay of % 
each class of ore in prism. 





ae 
A=193 580 4,147,000 ; Weiser be ; 
B= 207 “3X7 150 — =1,382,333 cubic feet, or amount of waste contained in triangular prism 1. +. 
i: _ 
580 4 












The sample of the calculations set forth in the triangle book shows | 
that the area of the triangle and the number of the holes from which | : 
its ore content is calculated are set down at the top of the page. : 
Line a shows the total number of feet of ore and the foot per cent of 
each class of ore in each hole. The average thickness and the 
average foot per cent of each class for the prism (one-third of a) are — 
entered in line b. Line c shows the average thickness of each class — 
of ore multiplied by the cross-sectional area of the prism. This gives — 
the number of cubic feet—the volume—of a particular class of ore. 
The d line shows the cubic foot per cent, or the volume assay, for — 
each class of ore in the triangular prism. It is obtained by multi- — 
plying the average foot per cent by the cross-sectional area of the 

_ prism. ; 
The third book for ore calculations is of the same type as the 
other two, and may be called the book of ore totals. In it are re- 
corded the volume of ore and the volume assay, or cubic feet per cent, 
of each class in each triangular prism for each ore body. Let us 
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assume that ore body A contains 100 triangular prisms of ore, each 
exactly equal to prism 1, already recorded. The ore in such an ore 
body would be summed up in the book of ore totals somewhat as 
follows: } 

Specimen page from book of ore totals. 


TOTAL ORE IN ORE BODY A. 


CEE tek Volume Z Tons of 

; ubic fee assay or er cent | ore, at 13 

lass Of ore, of ore. cubic feet | copper. | cubic feet 

per cent. per ton. 

NS RG te ee ne es are les US ng hg enldc's 52,910,000 | 118,926,000 2. 247 4,070, 000 
IM ye Ses ese a Peo oe 8 Eeciare eieiatoiete tte ice ws 40, 755, 000 73, 094, 500 1.793 3, 135, 000 
2. AUS BASE Sere eae ioe Ae oe Be eye ieee 30, 745, 000 41,319, 900 1.343 2, 365, 000 
(se Case A Sea et Ae ee eae I pre i ah ae Ee dat ee ee 47,190, 000 53, 775, 200 1.139 630, 000 
MEE Nace or eS cede oe Seek OY ‘3 eee ae 27, 885, 000 25, 833, 000 . 926 2, 145, 000 
PM erate elas Sees toe ainieca aie cere ect a Sem sn alee OO 38) 610, 000 32) 947, 200 . 853 2,970, 000 


238,095,000 | 345,895, 800 1.453 | 18,315,000 





‘Dividing the volume assay, or cubic feet per cent, of ore by the 
cubic feet gives the average assay value, in per cent, for each class 
-and for the total ore. 

In order to convert the cubic feet of ore into tons, the average 
specific gravity of the ore body must be determined.* If found to be 
2.5, then a cubic foot of ore would weigh 2.5 times the weight of a 
cubic foot of water, or 2.5 X62.5=156.25 pounds; thus 13 cubic feet. 
of such ore would weigh approximately a ton. Thirteen cubic feet 
of Chino ore in the solid and 21 cubic feet of broken ore were found 
to average practically a ton, and this average was used in the calcu- 
lation of ore reserves. Dividing the cubic feet of ore by 13 gives the 
tonnage shown above—18,315,000 tons of ore, containing an average 
assay value of 1.453 per cent copper, or practically 266,117 tons of 
copper. The actual amount of this copper that could be recovered 
would of course depend on the poe aieee of recovery made by the 
mill and smelter. 

To summarize, holes were drilled through the ore body every 100 
or 200 feet, and these were sampled at depth intervals of 3 feet. 
The assay values from each sample were arranged in order, and 
grouped into classes as shown-in Form 4. The classes were entered 
‘in the log book of prospect drill holes, and the drill holes were grouped 
together in sets of threes, each set of three marking the edges of a 
vertical triangular prism. The average values for each prism were 
calculated in the triangular prism book; and finally the total ore for 
each ore body was summed up in the book of total ore. These books, 
with all calculations, are preserved with other company records. 





a For diagram and formula convenient for ore calculations see Mead, W. J., The relation of density, 
porosity, and moisture to the specific volume of ores: Econ, Geol., vol. 3, June-July, 1908, pp. 319-325, 
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as solowe. A table of total ore iovaleoal up to Merch A 1912, ‘and | 
the yardage of stripping that would have had to be eee to recover r 
it; a table of the total steam-shovel ore developed up to the same ~ 
Hate: and the yardage of stripping that covered it; a table of addi- 
ol steam-shovel ore developed after March 1, 1912. Of these 
tables the one covering the amount of steam-shovel ore developed 
up to the date mentioned follows: 1 
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FORMULAS FOR ESTIMATING ORE. 





FORMULA FOR DETERMINING LOWEST GRADE OF ROCK THAT MAY BE 
. CLASSED AS ORE. 


* 








The formulas following may be largely credited to Mr. L. EB. 
Foster, assistant superintendent of the Chino company’s mings 
The authors merely developed a little further his fundamental 
formula. Formula / is for use in determining what grade of rock | 
might be mined as ore under varying conditions of costs and off 
copper prices.. The factors in the equation are explained below. 
Certain cost figures are given to be substituted in the equations. — 
These figures, however, are being modified by more efficient methods © 
as time goes on. : 













M+F)+m f<-s a TO 
Se ACK2000X0.95 TD 2000x0.95 | RTE THB ips 
Simplifying equation 7 we get: 
yeas A (fF8 100 
) ane Stace A(R+E+c)=AB jog 


Transposing equation 2 gives: 


. MeFi = fi00 Bo esa oe 
(8) 79000. > al 105 1900 D B+ E+) | 


Transposing equation 3 gives: 


M+F)+m 
1900 C 


(4) 50100. Boe 
05 1900p (RTE+¢) 





Simplifying equation 4 gives: 





ferns aes SOC. 
(5) 100 spo | 
Fae 7106, 1000 Dae ane 
Values substituted for factors in foregoing equations. 
Factor. Definition of factors. Value, 
M==Mining ‘costs pet dry 20n:0f. ore Soe ee eee eee See $0. 4683 
F,= Freight from nrine to mill per dryston ol ore: a. ese eee :9 
m==Milling’ costs, per dry, ton Of Grose es. ee ee ees eee ee i: 
{,= Freight on concentrates per dry ton from mill to smelter............--- 1. 1198 
S=Smelting charges per dry ton of concentrates. . ont cates 2s On 


R=Refining and delivering charges per pound of castes pend en BR AF at fa 
E=Export freight and insurance charges per pound of copper paid for... -. 


c=Commission on -sales7if we, Gen a OR aie ote re ee 100 
B=Value:per pound of Copperls 22-5 e2e gee ais oe ee 
C= Per cent of exiraction bythe = 0 eta re oe 65 
D=Per cent of ‘copper in' the coneentratesic22< 2s ov eo eee 25 


A=Per cent of copper per dry ton of ore. 
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The constant 2,000 stands for the 2,000 pounds in each ton of ore. The constant 

_ 0. 95 stands for the 95 per cent of the copper content, or the net copper that the smelter 

actually pays for. The dry ton of ore figured in these calculations is the ore with 

the weight of its moisture content deducted. The moisture content in the ore averages 
about 10 per cent. 

About eight months elapse from the time the ore is mined until 
the copper is sold. During this period capital is tied up in the 
metal. Interest on this capital is allowed at the rate of 5 per cent 

for the eight months. This interest factor is introduced into the 


equation by multiplying B, the value of copper, by oP a fraction 


_ that represents the lessened value of money by reason of the interest 
~ deduction. 
In the expression AC X2000X 0.95, used as denominator in the 
first member of equation 1, 2,000 pounds of ore multiplied by A, 
the percentage of copper contained in the ore expressed decimally, 
multiplied by C, the percentage of copper that is saved by the mill, 
multiplied by 0.95, the percentage of the copper from the mill that 
is paid for by the smelter, gives the net amount of copper in pounds 
M+F,+m 
ACX 2000 0.95" 
means simply the net number of pounds of copper recovered, divided 
into the cost of recovering it. In the same way, ste 95 
the net copper recovered from the concentrates at the smelter divided 
into the cost of recovering it. The whole equation then represents 
the total net cost of copper with the different factors expressed as 
mathematical quantities, equated to Bins which is the value of the 
_ copper lessened by an interest charge of 5 percent. As the equation 
stands, nothing is charged for the interest lost on the deferred 
profits. In general, application of the formula interest on the capital 
tied up in the enterprise should be charged. 
By substituting in equation 5 the different costs selected as being 
well within the factor of safety for the first estimate of the ore values, 
and simplifying, we get: | 
ss 1.157 is abibye dma by, 
1235 (0.1238—0.0157 —0.0133) 1235 (0.0948) 117.078 


~ =0.00988, or 0.988 per cent. 


recovered from each ton of ore. The expression 


means 





(6) — A 





Now by eliminating M, the cost of mining, from equation 4 and 

then solving for A, we find what low-grade material, which had to 

be removed in order to get at richer ore, could profitably be sent to 
the mill rather than to the waste dump. The figures follow. 


| 
(7) A CPeeG =().005882, or 0.5882 per cent. 


és 4 
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Equation 7 is equation 6 with the M values—the cost of mining— _ 
eliminated. Some rock that contains between 0.5 and 0.8 per cent 
of copper has to be moved to get at good ore; the cost of sending — 
it to the dump is about the same as that of sending it to the mill. 
The question to be solved under such conditions is: Having thigh 
material mined and loaded because of the necessity of getting it out 
of the way, what content of copper will decide whether it shall be - 
sent to the mill or to the waste dump. Equation 7 gives the answer— 
all rock that contains more than 0.5882 per cent of copper should, 
under the conditions given, go to the mill, and all rock that contains” 
a lesser proportion of copper should go to the waste dump. | 


; 

¥ 

FORMULA TO DETERMINE WHETHER ORE SHOULD BE SMELTED IN THE 
CRUDE, OR MILLED AND THE CONCENTRATES SMELTED. Fe 


es 
a ? 


Zo 


The formula used to determine what grade af ore from the mine— 
should be shipped direct to the smelter, or to show where the lool 
age between smelting ore and concentrating ore should be, is dis- 
cussed below. When the total cost per pound of copper ae) for is 
the same, whether the ore be smelted in the crude or milled and the 
concentrates smelted, then the following equation holds: 


f 
(8) RL EtOS a ett R+Efe. 






The values substituted in this formula are in general fairly repre- 
sentative of the costs at Santa Rita up to the middle of 1914. since 
then improvements have been made. 


Values substituted for factors in equation 8. 





Definition of factor. 
Factor. Value. 
M ==Minine cost per-dry ton'of ore. 7. ea ticcs a. ede oo eee ge ee $0. 4683 - 


F,=Freight on crude ore from mine ies smelter per aa CONS oes eee 
F,=Freight on ore from mine to mill per dry ton...............-..-- 

im =Milling costs per dry. ton ofore: 6-42 2c aac. 1 eae eee ae 
f, =Freight on concentrates, mill to smelter, per dry ton.........- 

S, =Smelting charges for crude ore per dry ton..../.......52..--4---+-e 
S ,=Smelting charge per dry ton of concentrates. .........--.----------- 
R =Refining and delivering per pound of copper paid for.......-....-.-.-- 
E =Export freight, insurance, etc., per pound of copper paid for........-. 


== COMMUBSION 43 tre ee tte ee ee ae oe ere locates 50 es 


B =Value per pound of copper. 
C =Percentage of extraction by mill. 
D =Percentage of copper in the concentrates. 
A =Percentage of copper per ton of ore (expressed decimally). 
y =(2000 multiplied by 0.95)=1900. 
0. ao Percentage of the copper content which is recovered by the smelter 
(expressed decimally). 


- 
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4 
p 


Scpiyins equation 8 by Ay we get: 


DEY, +m 4AGtS 


{ © M-+E,-+8,-+Ay(R+E-+c)= AUsTSo)4+ Ay(R+E-+c) 


- Transposing: 
(10) ee a cermin 


Hence: 


M+F+8,_ QUE, +m) 
By Ae _ icon, +8,)— O47, +-m)] 
| ETS CO+S.) 

D 


If the value of the mill recovery (C) and the percentage of copper 
the concentrates contain (D) are known, these values can be substi- 
tuted in equation // and. the value of A obtained. Below are a few 
values of A for given values of C and D. 


















Values of A for given values of Cand D. 





60 20 18. 47 60 25 23. 09 60 30 27. 71 
65 20 18. 87 65 25 23. 59 65 30 28. 31 
70 20 19. 21 70 25 24. O01 70 30 28. 82 


In other words, with C at 60 per cent and D at 20 per cent, the rock 
would have to contain 18.47 per cent of copper before the cost of 
recovering that copper would be the same whether the ore was 
smelted in the crude or milled and the concentrates smelted. For 
given values of C and D, the corresponding values for A represent 
critical values below which the ore should be milled and the con- 
centrates smelted and above which it should be shipped direct to 
the smelter. 

When the profits on every dry ton of ore are equal whether the 
ore is smelted in the crude or milled and the concentrates smelted, 
then the following is true: The value of the copper recovered from 
each dry ton of ore by direct smelting (VCu,) minus the total cost of 
Tecovering it (C,) is equal to the value of the copper recovered from 
each dry ton of ore by milling and smelting the concentrates (VCumss) 
minus the cost of all the expenses of treating and handling each ton 
of ore (Cy). Putting this in equational form: 


(@) VCu, -—C,=P,=profits from direct smelting. 

(6) VOuns+;—Cmis=Pm4;=profits from milling and smelting the concentrates. 
mebut if P.=P.n4., then 

©) WG, =O, V Ou. = On: 
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Now, substituting in equation c the mathematical expressions for — 
the value of the net copper extracted from each ton treated and the © 
expressions for the cost of treating by both methods, selected from 
equation 9, we get: 

(d) ABy—[(M+F, 48,)-Ay(RLE-o)= 
ABCy—[(M+F,+m) +Ust 50404 (R-+E+c)ACy] 


By substitution of the more fixed costs, etc., we get: 


: C 
(e) 1900AB—8.8294—22.8A —19AB=1900A BC —1.157— —— —22.8AC—19ABC 


Simplifying: 
(f) 1881AB—22.8A=1881ABC+7.6724——*" 09° _99 8c 
Factoring and transposing, we get: Sw 
1881AB(1—C)=7.6724-+-22.8A(1—C) a 


Transposing, we get: 


1881A B(1—C) —22.8A(1—C)=7.6724 SoM 


Multiplying through by a and transposing, we have: 


z o 1881B(1—C) —22.8(1— -¢+ = Ech 
Factoring and solving for A, we get: 
7.6724 — —(1881B—22. 8)\(1— Crees 47110 
Therefore: 
ie 7.6724 
(9) = 1881B—22.8)(1—C) +7. 47110 
aL aie) 


Now, by apSTneLiae values for B, C, and D, we can solve for A. 
The value of A thus obtained will be the critical grade or percentage 
of copper per dry ton of ore, at which the profits will be equal whether 
the ore besmelted in the crude or milled and the concentrates smelted. 
If we let D=20 per cent, C=60 per cent, and B=12 cents, we can © 
substitute these valués in formula g and solve for A, thus: 


7.6724: 
(h) A= g915<0.19 29.8) —0.60) FT 47115<0.60=0-0741, oF 7.41 per cent. 


0.20 te 

If the copper content be greater than 7.41 per cent under the 4 
conditions given, the ore should be sent direct to the smelter; if — 
less, it should be sent to the mill. g 








i 


{ 


4 , 
\ METHODS OF ESTIMATING ORE. ‘ 33 


From the formula represented by equation h a table may be made 
Bowing the values of A for several values of B, C, and D, thus: 


Values of A for several values of B, C, and D, in equation h. 


D=20 per cent; C=60 per cent. D=20 per cent; C=65 per cent. D=20 per cent; C=70 per cent. 


B A B A B A 
12 cents......7.41 per cent | 12 cents...... 8.05 per cent | 12 cents...... 8.82 per cent 
14 cents...... 6.47 per cent | 14 cents...... 7.07 per cent | 14 centg...... 7.80 per cent 


By giving other values to D, as well as by giving B and C a large 


range, the table can be made much more extensive. In all cases 


the value of A thus obtained is the approximate grade of ore at 
which profits, per dry tone of ore, equalize, whether the treatment 
is direct smelting or milling and smelting the concentrates. 
| . M+F,+S. 

The expression See +h+E-+c, taken from formula 8 (p. 30), 


represents the cost per pound of the copper sold when the ore is 


treated by direct smelting. By substituting values as given on 


page 30, simplifying, and rearranging, we get: 


0. od 0.004647 
+0. 0124+ 75=0. 0124-—_,-—- a +pj=cost per pound of copper sold when the 





ore is smelted direct. 
Now, by substituting values for A and B, and solving, we get the 


cost of copper per pound. Subtracting this figure from the selling 
price gives the profit per pound. If considerable range be given to 


the values of A and B, a table may be made somewhat as follows: 


Cost and profit per pound of copper paid for when ore is smelted in the crude. 





Per cent of copper in the ore. 
Price of copper 




















| per pound. 
{ 4 5 6 7 8 9 10 
Cents 

12 Cost.....| $0.129 $0.1061 | $0.0907 | $0.0796 | $0.0713 | $0.0648 | $0..0597 
TOs ae aed Profit a, 009 . 0139 0293 . 0404 . 0487 . 0552 - 0603 
| 14 Cost 1296 . 1063 0909 0798 0715 0650 0599 
ee oS re Profit 0104 . 0337 0491 0602 0685 0750 0801 
| 16 Cost 1298 1065 0911 0800 0717 0652 0601 
Me Profit 0302 0535 0689 0800 0883 0948 0999 
18 Cost 1300 1067 0913 0801 0719 0654 0603 
ee ST Profit 0500 0733 . 0887 0999 1081 1146 1197 
| 20 Cost 1302 1069 0915 0803 0721 0656 0605 
ee ene Profit 0698 0931 . 1085 1197 1279 1344 1395 








a Loss of 9 mills per pound of copper. 


_ By substituting 0.05 for A, or 5 per cent, and 0.12 for B, or 12 cents 
per pound, and solving, we get $0.1061 as Ne cost per sortie of copper 
by direct smelting of 5 per cent ore, as shown in the above table; 
subtracting this value from the price of copper, $0.12, we get $0.0139 
as the profit per pound. An extensive table may be compiled in 
this way. 
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In like manner, from formula d (p. 32) we get the expressior) 
[IM+F,+S, +Ay(R +E -+c)], which stands for the total cost of minin; 
and treating each dry ton of ore-when the process is direct smelting 
By substitution of the values given on page 30 the expressior 
reduces to 8.8294 + 22.8A +19AB, the cost per dry ton of ore treated | 
Substituting values and solving gives the cost per ton. By sub| 
tracting the figure for cost from the product of the expressior| 
2000 X 0.95 X0.05X0.12, which represents the net pounds of cop-| 
per recovered from “tab ton of 5 per cent ore smelted, multiplied by 
its selling price, we get the profit per ton treated. A table as ex- 
tensive as may be necessary can be made thus: 





Cost and profit per dry ton (2,000 pounds) of ore smelted in the crude. 






































Per cent of copper in the ore. 
Price of Rap pet 
er pound. | 
re 4 te) 6 tf 8 9 10 
Cents 
12 Cost.... $9. 833 | $10.083 | $10.334 ay 585 | $10.836 | $11.087 | $11.337 
ot igen meee yg Profit. a,71 1.317 3.346 ot 7.402 9.433 11.463 
14 {pront? 9. 848 10. 102 10.357 108 10. 866 11.121 11.375 
al Sig ag wc gtn Profit. . 792 3.198 5. 603 8. 008 10.414 12.819 15. 225 
16 OSt... 9. 863 10.121 10.380 10. 638 10. 897 11155 Beats 
Sn Sage Profit 2.297 5.079 7.860 10: 642 13. 425 16. 205 18. 987 
18 st 9.878 10. 140 10. 403 10. 665 10. 927 11.189 | 11.451 
a eee MOIR Profit 3. 802 6. 960 10.117 13. 264 16. 488 19.591 22. 750 
20 Cost. 2s. 9.893 10.159 10. 426 10. 692 10. 957 11. 223 11.489 
Seca CRE Or Profit... 5.307 8. 841 12.374 15. 897 19.450 22.977 | 26.512 





« Represents a loss of 71.3 cents per ton of ore treated. 


By giving a larger range of values to A and B, this table can be 
greatly extended. 
(M+F, +m) (f. +S. Ge +8o) 
ACy Dy 
(R+E+c), which represents the cost per pound of the copper actually j 
marketed where the ore is milled and the concentrates smelted: Now, 
substituting cost values given on page 30 in this expression we get 


1 Ga Ba") 7.4711 B | 
1900 AG* 1900 Dt 9-912 +799 =cost per pound of copper sold when 


From formula 8 (p. 30) we get the expression 





the treatment is milling and smelting the concentrates. By giving 

A, B, C, and D different values a whole series of tables may be com- 

saliaut one the cost and the profit per pound of copper sold. g 
In like manner, from formula d (p. 32), the expression [M+F,+m + 


Gens +Se *) AC+(R+E-+c)ACy] represents the cost of treating cael 


dry ton of ore by milling and smelting the concentrates. Substitutin i 
costs gives 1.157+ Ce es pe 22.8AC+19ABC. By substituting 
range of values for A, B, C, and D an extensive series of tables can be 
compiled showing the cost and profit on each dry ton of ore by this 
method of treatment. 




























METHODS OF ESTIMATING ORE. Oo 
SAMPLING AND ASSAYING METHODS. 
PROSPECT-HOLE SAMPLES. _ 


In the development of “ore in sight’”’ by drilling, samples were 
taken about every 5 feet of hole drilled in the relatively barren 
‘material near the surface; but in all other material they were taken 
every 3 feet. The mixture of water and drill-hole cuttings that com- 
‘posed each sample was run through what was, in effect, a Jones sam- 
pler, and quartered down so that sample and washings constituted 
‘about a gallon. This ultimate sample was evaporated to dryness on 
a specially arranged home-made furnace, consisting of a fire box and 


" 


: ' FIGURE 4,—Side and end views of improvised furnace for evaporating drill samples of ore. Can be made 
dy blacksmith out of 33-inch or }-inch boiler plate. Smoke box of heavy sheet iron; smokestack, 6 feet of 
irdinary 6-inch stovepipe; evaporating pans, about 18 by 18 inches and 6 inches high, made of heavy sheet 
ron. 

(2 heating chamber built from 4-inch boiler plate, somewhat as shown 
n figure 4. 

~ Some of the rejected part of each sample was carefully panned and 
pthe concentrates examined to get information regarding the charac- 
per of the rock through which the hole was passing. When notes 
sovering these data had been made, the panned material was put 
)nto paper envelopes and filed away. 

The dried sample was tagged with the number of the hole and the 
lepth at which it was taken, and sent to the sample room. There, if 
aecessary, it was run through a small gyratory crusher, the largest 
Yoieces from which were about one-fourth of an inch in diameter; then 
after careful rolling on a mixing cloth it was reduced on a Jones 
sampler to about 150 or 200 grams. After that came grinding 
nm a Braun disk pulverizer, followed by more rolling on a mixing 
sheet. Screening through a 150-mesh to 200-mesh screen removed 
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any metallic copper, and this, if present, was weighed and figured 
into the ore values as 90 per cent pure. The pulp was then sent to_ 
the assay shop, where the determination was made, mostly by Lowe’s_ 
potassium permanganate method. Each assay was given a serial 
number in addition to the number of the hole and-the depth below 
the surface from which it had been taken, and the part of the pulp 
not required in the assay was put into a paper envelope and carefully 
filed away. 











GOLD ASSAYS. 


Since the summer of 1914 a large number of gold assays have been ~ 
made. As arule, the amount of gold present is small, so that charges” 
of 4 assay tons “ have had to be used to get a gold bead of a size that 
might be weighed conveniently. The smelter pays for the gold in the” 
concentrates when its value is 60 cents or more per ton. Assuming a 
concentration of 10 into 1, and a saving of 70 per cent in the mill, a 
gold content of only 9 cents per ton in the ore would give a revenue 
from the smelter of 63 cents per ton of concentrates. Obviously the” 
presence of even small amounts of gold favors the practice of making 
the concentrates as clean as possible, and during the winter of 1914-15 
important progress was made in this direction at the Hurley mill. 7 


BLAST-HOLE AND PIT SAMPLES. 


Where more detailed information is necessary as mining proceeds, 
samples are taken from the blast holes. Such sampling shows with 
considerable exactness the value of the rock in place ahead of the 
steam shovels. Samples are taken—a small shovelful here and 
there—from the broken rock in front of each steam shovel. These 
are called pit samples and may be gathered every hour orso. Rough 
determinations, by the colorimetric method, are made on these, as_ 
they are only for the purpose of showing Pernt the rock is running — 
about as it has been indicated by the cross sections and the estimates. 
Samples are also taken from every car of ore loaded, and these are 
checked against other assays of the ore body and ae mill returns, 
tailings assays, etc. Formerly, samples were also taken by carefully — 
cutting across the face of many of the benches with a small pick or _ 
a hammer and moil; a ladder was used to get at the upper part of 
the face. Few bench samples are taken now. Moisture determina- 
tions were made at various times on the ore and rock. = 


STEAM-SHOVEL SAMPLES. 


Steam-shovel samples are occasionally taken and consist of a 
‘‘orab’”’ shovelful from each steam-shovel dipperful after it has been 
put on the car. | 


a An assay ton contains 29.166 grams. 





ae METHODS OF ESTIMATING ORE. ot 
- To summarize, all four kinds of samples are currently taken at 
Santa Rita, as follows: 

1. Prospect-hole samples. 

‘2. Pit samples. 

3. Car and steam-shovel samples. 

4, Blast-hole samples. 

Moisture determinations are made on many of the samples. On 
the average, about 2,400 assays and determinations are made per 
month. The assay staff consists of an assayer, one assistant, and 


: two men in the sample shop. The latter attend to the grinding of 
the samples, preparing the pulp, etc. 


| SAMPLE SHOP AND ASSAY SHOP. 
' 


The sample shop, a one-story structure, having a floor space of 
about 500 square feet, is fitted with the following appliances: 1 


j 


| 





Blake jaw crusher, with opening 10 by 5 inches, crushing to 2 inches, 
to which a revolving sampler is attached; a small Blake crusher, 
with an opening 3 by 4 inches, crushing to } inch; a gyratory crusher 


giving a Maximum size of 4 inch; a Braun disk pulverizer; a gaso- 
line stove for drying, and many other accessories. Power is fur- 
‘nished by an Allis-Chalmers 7.5 horsepower motor. 

_ The assay shop, with almost 1,000 square feet of floor space, 
contains a balance room, a laboratory for wet assays, and a furnace 
room. In the latter are a smelting and a cupelling furnace, each 
fired by gasoline, vaporized under about 50 pounds of air pressure, 


and blown in through Cary hydrocarbon burners. 










NUMBER AND COST OF ASSAYS. 


_ The following table gives some idea of the number of assays made 
per month and the cost of making them: f 


Cost of sampling and assaying at Santa Rita. 


| | | 


Mining costs. | Stripping costs. 








Number | Cost per 
Month. ofassays.| assay. 


Labor. Supplies. pies 9 Labor. | Supplies. bee 








MaTy.....-%....... 3,610 $0.46 | $610.73 | $106.69 | $0.00366 | $802.72 | $128.39 | $0. 00302 
eepruary ............ 2,159 - 80 575. 72 112. 69 . 00365 882. 56 149. 88 - 00365 
ME Sas on oe les 3, 001 - 66 623.36 | 151.46 . 00349 997. 96 193. 41 - 00345 
| (Ce 41,335 - 86 370. 84 182. 67 - 00454 408. 74 182. 38 . 00317 
(September ........... 61,475 42 207. 90 58. 03 . 00255 276. 14 78. 74 - 00223 








a 66 of these assays were for gold. 
b 130 of these assays were for gold. 


—$———— 
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As is indicated by the table, the figures cover ore and waste. The — 
ore assay costs are charged against mining, and the costs of assaying — 
waste are charged against stripping. The cost of the labor for assay- — 
ing and sampling and the cost of the supplies used in connection 
with the assays are kept separate, as they are in all the other accounts. — 

The assay cost is distributed per ton according to the tons of ore — 
mined, and per cubic yard according to the cubic yards of waste — 
moved, as shown by the table. q 

The permanganate method is used for prospect drill holes and for — 
car samples. The colorimetric method is used for pit and shovel ~ 
samples where absolute accuracy is not considered necessary. The — 
determination of iron in many samples is made as it is indicative © 
of the degree to which the ore will concentrate. t 

The wide variation in the cost of the assays is caused by the wide © 
variation in the amount of crushing and mixing to be done on them— ~ 
whether permanganate or colorimetric determinations or fire assays © 
are made; the relative number of each, and the total number of all — 
assays for the month; the amount and cost of the chemicals used, — 
etc. 

FORMS USED IN ASSAY SHOP. 


Forms 6 to 9 following are used in the assay shop and are conven- ~ 
ient aids to bookkeeping. 
Form 6.— Form of general assay certificate issued by assayer.@ 


ASSAY CERTIFICATE. 
Per ton of 2,000 lbs. SANTA RETA SN MEX: soci alia eee eee , 191... 





( 


Sample No. Description. ' 


| Date. 

| 8. S. No. 

| Ore body. 

| Bench. 

| % Silica 

| % Sulphur. 

| % Iron. 

| % Copper. 

| Oz. gold. 
Oz. silver. 





—| ——__| ——  —_]| —— 














Epi Dati ee eee eh cet h ng, tare ea Meee ea » Assayer. 





a Size of form as used by operating company, 53 by 74 inches. 
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Form 7.—Form used by assayer to report on steam-shovel samples. 
STEAM-SHOVEL SAMPLES—LABORATORY REPORT. 








“Sample | 8.8. it, | Cars | Cars | Wt. of | Wt, of |% Met. % | oo Cu. 
No. No. | Date. | Shift.) vaste.| ore. | met. | pulp. |’ Cu. | Pe™™- | 4¢ 








@ Samples consisted of a small shovelful taken from each steam shovelful that went onto a car. Samples 
of this kind are not now usually taken: Form used by operating company is 6 inches wide by 9 inches long. 


Form 8.—Form for presenting comparative data regarding steam-shovel samples.4 
COMPARATIVE “<TEMENT—STEAM-SHOVEL SAMPLES, 





PIA YROHINT ee nutes ca weer ph Oke 
steam Shovel No... .....2........-. 
ty te ai eR io a ait eo ee os os ae ese Ore body. 
sebsice hase oe nee Mars aaa Bench 
- Pit Mined as— Bench sample— Mined as— 
Time sample ees 
7% Cu. Ore Waste No % Cu Ore Waste 


} nn | 








Average % Cu. 







Car sample % Cu. 


| | Carsample %Cu. Ore shipped to mill. 


SPECIAL PIT SAMPLES. 





be : is Ore Waste 
2 Time. Taken from. % Cu. % Cu. 











Remarks: 





___ @QOnly one form is shown; the record used by the operating company has five of these forms (33 by 83 
inches) on a sheet, the sheet, with margins being 10 by 20} inches, Each sheet, bound through two holes 
‘in the left margin, is kept in a heavy binder. 
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Form 9.—Fform used in making daily report on mine samples ‘a 


DAILY REPORT OF MINE SAMPLES. 
bowhe DL iGas aos oe ose pane ae ee 19°32 


Description. Per cent copper. 
Mine sample wo | SE Remarks 


number. 
_ Mine. Level. Working. Pulp. | Met. | Total. 












































a Size of form used by operating company, 8+ inches wide by 103 inches long. 
METHOD OF SAMPLING OLD DUMPS. 


Sampling on the present property, on an extensive scale, was first 
begun by Mr. John M. Sully, in 1906. In gathering samples from the 
large dumps left from many thousands of feet of old workings, he used: 
the following method: | 

The dumps were laid off into 25-foot squares, with levels run to the 
corners of each square, to determine its elevation. The contour of 
the ground on which the dump rested was estimated as nearly as pos- 
sible, from the general surface configuration of the land. From the 
surface elevation and the probable elevation of the bottom of the 
dump, the yardage in each square prism was estimated. Hach square, 
as laid off on the dump surface, was given a number, and about 4 
holes were dug into it, as deep as could be conveniently made with a 
long-handled shovel. Every second shovelful was retained; the 
sample thus gathered was rolled and quartered on a canvas and put 
into a tagged canvas sack. Mr. Sully gathered 1,143 samples from 
the old dumps, and a total of 8,190 from the dumps and the old 
workings. 


DETAILS OF MINING IN SANTA RITA DISTRICT. 


GENERAL ORGANIZATION OF OPERATING COMPANY. 


In opening an open-cut mine on an extensive scale, the initial cost’ 
is heavy. The equipment necessary is expensive, including steam 
shovels, locomotives, and cars, and railroad track and a water-supply © 
system must be constructed, to say nothing of the concentrating plant 
to handle vast tonnages of ore, the power plant to furnish the motive — 
force, and the machine and other shops to keep the whole vast plant 
in repair. 


aan 


fis 


= 


# 
i 
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Any large and successful organization is developed: slowly. The 
factor that wins in~business or in sport is practically always well- 
organized “team work,” or efficiency of production. If a mistake 
occurs the organization must be such that the responsibility for the 
mistake can be traced to its source at once, and the right remedy 
be quickly applied in the right place. The management. of the Chino 
company has been successful in building up an efficient and loyal 
organization, one illustrating the benefits that may be derived from 
the application of science and of business methods to the solution of 
mining problems. The company’s organization chart, or “flow 
sheet’’ of responsibility, as worked out by Mr. L. E. Foster, the 
assistant superintendent, is shown in Plate IV. 


DETAILS OF MINING IN SANTA RITA DISTRICT. 4] 
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MINING AND ESTIMATION OF ORE BY BENCHES. 


In stripping and mining, each steam shovel took off a slice of 
ground about 25 feet wide, and as the work progressed terraces or 
benches 100 .feet or more wide were formed around the sides of the 
great open cuts (PI.V, A). It was found that where the bench was 
less than 30 feet high, the material could not be excavated as eco- 
-nomically as where it was, say, 50 feet or more high. 

There were three chief factors that regulated the height of each 
bench: (1) If a bank stood fairly steep for some time and then 
caved, it was found best to have the bench not more than 30 feet 
high. The caving of 30-foot banks caused little delay or damage to 
_the shovels working below them, whereas the caving of higher banks 
often caused serious trouble. Where a bank caved slowly and kept. 
gradually coming to the shovel at about the same general slope, it 
could be worked in benches of 100 feet or more if necessary. (2) If 
the waste material on top of the ore was, say, only 15 feet thick, then, 
| of course, the bench at that place was only 15 feet high. On the other 
hand, if the overburden was only, say, 1 or 2 feet thick, it was prob- 
ably found chéaper to let it go in with the ore without stripping. 
(3) Where the drill holes indicated considerable relatively barren 
rock between upper and lower ore masses, then, as far as possible, the 
benches were planned so that the top ore was taken off the waste 
‘rock in one cut or bench, and the waste rock off the lower ore in the 
second bench, and the lower ore was taken out clean in a third bench. 
If the ore bodies and waste mass were thick enough, they were gener- 
ally taken out in two or more separate benches. Barren areas of eon- 
‘siderable size were also considered in planning the benches. 
In other words, benches and tracks were planned (see Pl. IT) to 
conform, as nearly as practicable, to the shape of the ore body, so that 
ore could be separated from waste and mined as economically as 
‘possible. In general, however, it was found best to have the benches 
about 50 feet apart; that is, one bench about 50 feet above the other, 









i 
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The different classes of ore and the waste were calculated for each 
level, or bench, in order to have convenient information as to jus 
what production should be expected from each. | 
Tables were also made to show the ore tonnage by benches; that 
is, the tonnage of the first bench plus the tonnage of the third benell| | 
etc. Such tables permit convenient comparison of what has been | 
taken out from the different benches plus the material calculated to 
remain with the total ore for each bench, etc. These bench calcula- | 
tions were made from the same data and by the same general method | 
as the triangular-prism estimates. Summing up the ore classes, cal- | 
culated by benches, served as a sort of check on the other calculations 
of total ore. 
BLAST-HOLE DRILLING. ; 
The blast-hole drilling at Santa Rita aggregates several linear | 
miles per month. Most of it is done by churn drills. However, toe. 
holes at the foot of slopes are locally necessary, and these, together | 
with the shallow, levelling-off bottom holes occasionally needed in 
front of steam shovels, are put down with compressed-air tripod 
drills. Small hammer drills have been used, to some extent, for. 
drilling short holes to blast bowlders too large for the steam shovels | 
to handle. However, their use has been practically discontinued, | 
because it is Layee cheaper to use more powder and to ‘‘dobe”’ or 
“bulldoze” the rock than to keep ashovel idle while it is being drilled. 





% 
= 


TYPES OF CHURN DRILLS USED. 


The types of churn drill mostly used at Santa Rita are the No. 12 
and the No. 14 Cyclone drills for big blast holes. They are fitted | 
with Cook 12-horsepower vertical gasoline motors, have traction — 
gearing, and use 4-inch to 8-inch' bits. Gasenoiie oil, instead of 
gasoline, is used, and the consumption averages about 64 gallons per 
10-hour shift. The speed of drilling varies widely with variation in 
the hardness of the rock; however, the general average for blast holes 
not more than 65 feet deep is ar to be about 20 to 30 feet per. 
10-hour shift. The crew of each machine consists of a driller and_ 
a helper; these two men can move the drill, even over rough groun 
by turning on the traction gearing. 

Each drill is fitted with equipment that enables the driller | 
sharpen his own bits. In general, the rock is soft enough so that 
one to two sharpenings per shift suffice. The blast holes are sampled 
if special information from particular localities is needed. 

A few of the older steam-driven churn drills are now operated by 
air, piped from the compressor. In general, they are not as satise 










factory as the oil-motor machines. There have been as many as 18 
churn drills, both prospect and blast-hole, at work on the proper 


at the same time, 
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VIEW OF A BENCH OR TERRACE OF ORE, SHOWING.METHOD OF MINING. 


On the right, drills are at work on a bench just ahead of a steam shovel. The chain of the shovel can be 
seen at the left. A train of cars is on the loading track below the bench that is being drilled. 





B. PILE OF COAL CONTAINING WOODEN VENTILATING STACKS TO PREVENT SPONTANEOUS 
COMBUSTION. 


~ 
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The hydrothermally altered and considerably sheared character 
of the ore-containing rock facilitates the use of churn drills and is 
favorable for low drilling costs. Little trouble is encountered in 
putting down blast holes. Even in cutting across sloping sheared 
zones, a little care generally guards against much deviation from the 
vertical. 


OPERATION AND EFFICIENCY OF BLAST-HOLE CHURN DRILLS. 


Cyclone churn drills, models Nos. 12 and 14 for deep blast holes, 
are used to put down blast holes. Records of the performance a 
these are kept and constitute valuable information on the efficiency 

‘of churn drilling in general. Records for two typical months, 
J anuary and August, 1914, are given below: 


Record of blast-hole churn drilling for January, 1914. 























DAY SHIFT. 

ae Total seater ae a ee Fabia 

: ee _s ee spen ime j spent in | feet per 

Drill No. drilled. tac per in delayed. | repair- | hour of 

j hour. drilling. ing. drilling. 

Per cent. | Per cent. | Per cent. 
. Sa Es ets eee 630 280 2.20 72.8 19.3 7.9 3.09 
eee ASE 13, se eee Bote Meet LA 876 310 2.83. 61.9 25.2 12.9 4.56 
- =. ot SS Sse ea eee 1, 235 327 3.78 84.1 11.9 4.0 4.49 
Ne ee a Ee he 974 310 3.14 18.2 16.1 8.7 4.13 
= 2 on phaeE Sep ee cee Sh a ib Ab: 310 3.91 86.8 8.4 4.8 4.51 
ee ee ee ee Aaya 941 322 2.92 73.9 15.8 10.3 3.95 
- 2 ee ate RS eee ie ees ana ee ae 924 311 2.97 78.5 17.0 4.5 3.79 
- alee ge aegis 2a em 952 310 3.07 79.0 20.0 1.0 3. 88 
NIGHT SHIFT 
| 

BE I Re BES aa nas | 670 260 2:58 86.5 13.1 0.4 2. 98 
on a dee eae eee 1,144 298 3. 84 84.2 13.8 2.0 4.56 
oo, SEO ReR SPS pease re eed pH? 321 3. 95 88. 2 7.8 4.0 4.50 
I gs SR Sr 2s 928 266 3. 49 89.9 8.6 Ns 3. 88 
. SSSR eee eee 1, 244 290 4.29 98.0 be7 3 4.38 
.. pS Ree eae 1,000 329 3.04 83.6 15.8 6 3. 64 
NR ares oes ne Se BN SP 8A 953 275 3.47 9025 OAD Al ecteer acres 3. 83 
90.3 9.4 5a 4.12 





os Ae ee eee ee 1,300 540 | 2.41 79.4 16.3 4.3 3.03 
2 Gabh Se ia 2,020 608 3.32 72.8 19.6 7.6 4.56 
oe 33 3p SRS arene 2,507 648 3. 87 86.1 9.9 4.0 4.49 
oe Fe eee ee ee 1, 902 576 3.30 81.9 12:7 5. 4 4.03 
+ 52RD eee seen 2, 456 600 4.09 92. 2 5.1 2.7 4.44 
MR Ee og kee a ae 1,941 651 2.98 78.8 15.8 5.4 3. 78 
2 oO aE ee eee 1,877 586 3. 20 84.1 13.5 2.4 3.81 
Bet so or. ee ne cee 2,103 620 3.39 84.7 14.7 -6 4.01 

Total for month........--. 16, 106 4,829 3.34 82.5 13.4 4.1 4.04 














43503°—Bull. 107—16——-4 
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Record of blast-hole churn drilling for August, 1914. 














































































DAY SHIFT. 

| ese Total Byes Time a Time Average 

: ee eet spent ime | spent in | feet per 

Drill a9. drilled a per in delayed. | repair- | hour of © 

; hour. drilling. ing. drilling. | 

Per cent. | Per cent. | Per cent. x 

RAGE Eee ees yy: 725 186 3.90 95.2 4 Silos Aenea 4.09 
DiI tas. 5 ee) gee ae 1,073 235 4.57 95.3 Lng cis Aram 4.79 
10s: © che See ae ee 1,049 244 4.30 91.8 2.0 6.2| _ 4.68 
ics, ene ener e: 1) 082 256 4.23 92.6 4.7 2.7 4,56 
12; Ons ee eee 788 187 4.22 89.8 7.0 3.2 4.69 
EPS Ae Wer ae ee oe. hike | 814 232 3.51 83.2 2.1 14.7 4.22 

Pei ie Se dice oe ee eae 383 185 2.07 75.1 18.4 6.5 2.75 
ES aaa fk ES 963 246 3.91 86.6 8.5 4.9 4. Ba | 
sR Bs tepetaeentear te Oh) Wet 988 246 4.02 94.3 2.0 3% 4.26 
EY ets es “4 
NIGHT SHIFT. ip 

Des a 02. Beep en wc ina ye Cap ete | da species ead Salk 3 ke 2 a eee € 
GMesiae ke” ne eee 125 30 4,171 100.0 Vege ut eg eee 4.17, 
Hea ee et 477 129 3.76 97.7 0.8 1.5 3.79 
Wie ee LAC ep ieee a © 82 39 2.10 74.3 23.1 2.6 2.83. 
Pee eras ee a ae 182 44 4.14 91.0 4.5 4.5 4.56 | 
Gee ce kas, eRe nokia 304 81 3.75 95.1 a0 Leon eee 3.95 | 
EGE epee Pe ey te Pi 75 39 1.92 69.2 28.2 2.6 2.78 
Te ncn eTD REA inhL Wn uanty Penne Rima esha >| 
BE el. otek. eens 352 94 3.74 95.7 43 hoa 3.92 
TOTAL 4 
BeL apees e ee een, « 725 186 3.90 95.2 7 Banat ar 4.09 | 
Dae aN 2. eR ee 1, 198 265 4.52 95.8 dD ot nace 4.72 
10 ek Ee eel ie ae el 1) 526 373 4.09 93.8 1.6 4.6 4.36 | 
Ld eo tl Veneer ct cena am 1) 164 295 3.95 90.1 7.2 2.7 4.38 
PRG coe 2 eee helt aiar Fe 970 231°} 4.20 90.0 6.5 3.5 4.67 
ae eee eee A MO, a 1,118 313 3.57 86.2 2.9 10.9 4.14 
Lee Len a Rene, 458 224 2.04 74.0 20.2 5.8 2. 76° 
Rie he ee eee: 963 246 3.91 86.6 8.5 4.9 4.52 
1G Ne ed eo, SPs 1,340 340 3.94 94.6 2.7 2.7 4.16 | 

Total for month.......-..| 9,489 | 2,473 3.84 90.0 5.9 4.1| " 2am 
COSTS OF BLAST-HOLE CHURN DRILLING. | | 

The cost of drilling blast holes with churn drills are fairly well 
illustrated by the figures for the representative months of January 
and August, 1914, as given in the tabulation following: | 4 | 
- ' 
Record of costs of blast-hole churn drilling. é | 

7 


AUGUST, 1914. = 

















: Cost of | Cost of Feet | Cost 
Churn drill No. labor. | supplies. Total drilled. foot. 








Peers ee eco Se rte atwecaiete Siero S ce gree, ae< aera ane $229. 43 $73.36 | $302.79 725 
PBs Sis GS OD REE RS oo 1 SS OU SEES 5 755 5 Soe ee eee 311.52 76. 49 388. 01 1,198 











Total for steam drills using air........-..-...-. 540. 95 149. 85 690. 80 1,923 
1027 8 eee ee ee Drea RE cores of 383. 42 58.25 | 441.67 1,526 
Th Opes einen Seat ate SS OR Ae nc Wnty 92 Sauls Wee OVI 317.99 | 100.68} 418.67 1,164 
ib eR eee A a Mees pee el OL ery 3 2 302. 49 89.93 | 392.42 970 
13 5a! hse ood som g ener ae acet A aol aes eae ye meee 361.37} 147.90 | 509.27] -1,118 
V4 si csc co See eR OI creel ere 274.08 | 106.00} 380.08 458 
1B oes ext ashlee ceca on ee ae eee 261. 02 34.17 | 295.19 963 | 
1G cis hives s Sp eae ee oe TR aa) Bente: seme, eco ee 377.13 70.19 | 447.32 1,340 

Total for gasoline drills../...2...-<25- Seennr-s4 2,277.50 | 607.12 | 2,884.62 7, 539 


Total torjall churn drills se So eee ee 2,818. 45 756. 97 rf 575. 42 | 
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Record of costs of blast-hole churn drilling—Continued. 
JANUARY, 1914. 















































: Cost of | Cost of Feet Cost per 
Churn drill No. labor. |supplies.| T°t@l- | gritied. | foot. 

ae 1 EAS SN RE ARE, ERROR tee Rett $595.59 | $183.40 | $778.99 1,300 $0. 599 
i a a a Sa ae ge Reta Seana 637.90 | 193.08 | 830.98 2,020 411 
Total for steam drills using air.....-.........-. 1, 233. 49 376.48 | 1,609.97 3,320 - 485 
SE See a ee ee ee 668.24] 195.21| 863.45] 2,507 344 
RETR or Poe ee ya or tn soe 594.89 | 242.66 | 837.55 1,902 . 440 
ng ae Ian A hc ac 622.02 | 176.92] 798.94 2, 456 325 
CN eS ny as 653.24] 190.99] 844.23 1,941 . 435 
LE el ae ie ee RES eR ee Eg 607. 87 135. 12 742. 99 1,877 - 396 
Rf el i 618.97} 244.88 | 863.85 210312 es V4 
mous foreasoline Grills 2. % 2-5. ee ce oye 3, 765. 23 | 1,185.78 | 4,951.01 12, 786 . 387 








@esartor all churn drilig: 2222. 62.0 2 hee 4,998.72 | 1,562.26 | 6,560. 98 16, 106 - 407 





The total cost of drilling per ton of ore mined is about 1 cent; and 
per cubic yard of material stripped, about 1.3 cents. The reasons for 
the cost per foot of blast-hole drilling being so much less than the 
cost of prospect drilling (p. 14) are that the prospect holes were 
larger and averaged eight to ten times as deep as those for blasting; 
also the cost of sampling was included in the prospect-hole costs. 


TYPES OF TRIPOD DRILLS USED. 


Two types of tripod drill, the Sullivan and the Ingersoll-Rand, are 
used where the rock is hard enough so that toe and shallow bottom 
holes are necessary. Both these makes, having 31-inch and 33-inch 

cylinders, were satisfactory. They are operated by air under about 
a 90-pound pressure, piped from the central compressor plant. The 
‘steel used is mostly of the 14-inch crescent brand. It is sharpened 
by a No. 3 Leyner drill-sharpening, machine. Machine-sharpened 
drills have given better service at a smaller cost than was obtained 
from hand-sharpened drills. 


COSTS OF DRILLING BLAST HOLES BY AIR DRILLS. 


_ During January, 1914, air-driven tripod drills drilled 9,875 linear 
feet of holes at a cost of 464 cents per foot; during August they made 
'6,951 feet of holes at the rate of 324 cents per foot. This great dif- 
ference in rate of cost seems to be due to greater ease of drilling dur- 
ing August. a ee 
: | USE OF HAMMER DRILLS. - 


Where bowlders, too large to be handled by asteam shovel, remain 
after a bench blast, and where loading will not be too much impeded 
by drilling, or “black holing,” instead of by “dobe”’ blasting, the 
“block holing’’ is done by small air hammer drills of the Sullivan 
‘D.C., 19 type, using 2-inch bits, Air is supplied to them through 
flexible armored hose from a supply line running along the top of 


. 
| 
| 
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the cuts. The exhaust from the machine passes out through a hole | 
in the bit, thereby automatically cleaning the hole of cuttings. From. | 
14 to 3 ches of hole can be drilled per minute with this machine, | 


I 


and it can be operated by one man. ‘The operator is paid $3.75 per | 


day. Only one of these drills was in use at the time the mine was | 


visited, because it had been found that “dobe”’ blasting of bowlders’ 
could be done more quickly and interfered less with loading opera- | 
tions, and hence, in the long run, was more economical. | 


BLASTING. 


The object of blasting in metal mines where there are rich brittle 
sulphides and carbonates is generally, as in coal mines and quarries, 
to break material loose from the main mass without pulverizing it 
greatly. On the other hand, if the broken rock is subsequently to 
be crushed for recovery of its values or for engineering operations | 
the aim then is that the blasting shall break the rock loose and at 


the same time pulverize it as much as is possible, consistent with the 





efficient use of explosives. At Santa Rita, of course, the aim in blast- 
ing the ore-bearing rock is to pulverize it. Any fragments of broken 


rock that remain too large to enter a 3-yard steam-shovel dipper 
have to be broken by secondary blasting at considerable extra cost. 


EXPLOSIVES USED. 


In breaking the rock in a safe and efficient manner the following 


kinds of explosives are those most extensively used: 

(a) Dupont FF and FFF black blasting powder. 

(6) Dupont quarry powder. 

(c) Dupont Repauno ae dynamite, 30, 40, and 60 per 
cent strengths. 

(d) Trojan powder No. 2 in bags, and 40 per cent strength, in sticks, 

Black powder is used for breaking and loosening up soil, hardpan, 
or soft rock; and quarry powder, instead of the 40 per cent dynamin 
is used for soft or fissured rock. Repauno 40 per cent strength low- 
freezing dynamite is used to spring holes for primers and to blast 
holes that contain water; it is also used for holes in medium hard 
rock, and for “tight holes” in broken formations. For ‘dobe” 
shots 40 per cent Repauno dynamite is used almost exclusively. 
Repauno 60 per cent strength dynamite is used only in the hardest 
rock formations. Trojan powder, packed in 122-pound waterproof 
paper bags, four bags to the box, is used most in medium hard or 
broken rock. This powder is understood by miners to be of equal 
strength to 40 per cent dynamite, but on account of its loose, granu- 
lated form it fills in the cracks and crevices in broken formations, 
thus excluding air spaces and increasing the blasting efficiency. 
Trojan sticks are also used for “springing” or chambering wet holes. 





: 
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 Detonatiom by fuse and detonator is used for springing holes and 
| for ‘‘dobe” or “bulldoze” blasting. . All the heavy bank-hole blasting 
and some of the heavy springing charges are detonated with electric 
detonators. The brands of fuse used are “Sylvanite”’ and “Cactus.” 
: Sylvanite is an asphaltum-covered, triple-wound, cord fuse, which 
has a burning rate of 16 inches per minute. Cactus is a triple-wound 
cord fuse, with a white clay-compound waterproof covering. It has 
a burning rate of about 20 inches per minute, and on account of its 
white color is generally used for night work. No. 7 detonators are 
used with these fuses. Where 
the detonation is by electric cur- ¥ 
rent, No. 7 electric detonators : 
are used. y 






D 
Churn trill hole ofS 


coe twee eo me wm we we ewww ww. 


STORAGE AND HANDLING OF EX- 
PLOSIVES. 


The main magazines have each 
Mercapacity of about 130 tons. 33  @---------+-@-------- 
Each is formed by a drift into & 
‘the hillside so that a chamber <¥ 
about 30 by 25 feet, and 8 feet 4 sit SE SR ioe a 
high, is cut into the solid rock 4 De ao 
(fig. 5). Each chamber is se- i 





@ Electric hahts, wires in ® 









cured by double sets of timbers, ee Me ; 
with stulls or legs set about 5 wFlectric fuses in protect™ 
feet apart, and with the roof and a se 131 BOXES Nba: 
sides lagged. From the en- eine Doors A 
3 N 
trance to the back wall a 5-foot ae 
passageway is kept clear. The === 


explosives are segregated ac- FIGURE 5.—Plan of typical underground explosives 
S 3 : : magazine in Santa Rita district. 

cording to kind and are piled in 

tiers in the chamber. These underground magazines afford safety 
against stray bullets, etc., and give what is necessary in the storing of 
explosives—a comparatively even temperature that remains above 
freezing during summer and winter. The floor of each of these cham- 
bers is covered with several inches of mill tailings. Thus a soft 
‘smooth surface, which acts as a cushion to the cases of explosives, is 
‘insured. 

The magazines have to be kept well ventilated in order that they 
May not become overheated in summer and that gases from the 
stored materials may not accumulate in them. To this end, a 6-inch 
churn-drill hole connects the inner part of the passage in each maga- 
zine with the surface (fig. 5). These bore holes are protected on the 
‘surface with hooded stacks about 12 feet high, the upper 3 feet of 
which are perforated. 


| 
F 


i. 
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The entrance to the magazines is guarded by two double-planked, | 
steel-faced, swinging doors, one about 6 feet inside the other. The 
outside door is perforated in the upper half, and the inside one in the 
lower half, for the admission of air (Pl. VI, A). 

From the magazines the explosives are distributed by wagons to 
several small portable powder stations. There are two of these sta- 
tions to every steam shovel—one for the high explosives and one for 
black powder—so they are known as shovel powder houses. They con- 
sist of skeleton frames, made of 24-inch by 24-inch material, 7 by 4 
feet by 44 feet high, and covered with corrugated sheet iron. Each of 
these little houses has a capacity of 3,500 pounds of high explosives, 
or 4,000 pounds of black powder. However, they seldom contain 
more than a wagon-load—2,000 to 3,000 pounds. Carrying handles, 
consisting of scantlings 2 by 4 inches in size, are nailed to the sides. 

When black powder is needed in large quantities at any point, a 
sled with a pointed corrugated sheet-iron roof and drawn by a team 
of horses, is used to transport it from the shovel powder house to the 
place of use. 

Little trouble is experienced from the freezing of explosives, 
as the operating company generally buys only the low-freezing or 
nonfreezing brands, and as the magazine temperature is always above 
freezing. During exceptionally cold weather hot-water thawing 
chambers are used and then the “powder” has:to be carried a con-_ 
siderable distance from the magazines. 


‘SPRINGING’ OR CHAMBERING HOLES. 


Before the drill holes are loaded and blasted, one or more small 
charges are exploded in the bottom of each, to make an enlarged 
chamber for the final charge. This is known as “springing” or 
chambering the holes. The aim is to make so large a chamber at the © 
bottom of the hole that the charge may be concentrated into so- 
compact a mass that none of it will fail to detonate, and that the — 
explosive energy may be concentrated where it will give the maximum 
effect. The springing eliminates any water that may be in the hole, 
but it generally increases the liability of an inflow of water by shatter-— 
ing and fissuring the surrounding rock. If granulated powder can be— 
forced into these fissured places the effectiveness of the blast is 
oreatly increased. § 

Where the rock to be broken is relatively soft and weak, and the 
drill holes not more than, say, 30 feet deep and not over a third of 
that distance back from the face of a steam-shovel cut, one “spring- — 
ing” is usually all that is necessary. Where the rock is hard and ~ 
tough, or where the holes are very deep, as many as four successive — 
springing charges may be required before a chamber large enough for 
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- the final blastmg charge is made. 
After each successive ‘‘springing”’ the 
hole must be cooled off, generally with 
water, before another charge is intro- 
duced. 

_ The following are average charges 
for each successive ‘‘springing,’”’ in 


medium-hard rock: 
Average charges for ‘‘springing’’ or chambering 
drill holes. 
Bank holes. Toe holes. 
ae Number Number 
No. F : 
Springing Number | of sticks | Number | of sticks 
of primers} of dyna- jof primers] of dyna- 
used. mite used. mite 
used. used. 
lla A ee 1 5 1 2 
eee Se we 1 ely al 5 
Bue eed +. eee 2 21 i 9 
ee a OR ieee rue Leet 


_ For “springing” holes 40 per cent 
_ strength dynamite or other high explo- 
sive, cut into quarter or third sticks, 
-isgenerally used. Itis detonated with 
a No. 7 detonator crimped onto 24 
inches of fuse. | 

_ Both before and after ‘‘springing”’ 
the drill holes are sounded by a spe- 
cially constructed plummet—a, billet 
of hardwood about 30 inches long and 
_ having a metal weight in the lower 
‘end. Thissounding apparatus, known 
| as a ‘springing gage” (fig. 6), is at- 
_ tached to a rope and lowered into the 
hole. By tilting the upper end of it 
from side to side while the lower 
/ end rests on the bottom (fig. 7) the 
experienced chargeman can estimate 
| the size of the hole. With this gage 
he also measures the depth of water 
in the hole. A small hand mirror 
is at times very useful for reflecting 
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LONGITUDINAL CROSS SECTION 





SECTION AA. 


Figure 6.—Longitudinal and transverse 
cross sections of ‘‘springing gage.”’ 
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light into the hole; thus enabling inspection of the upper 10 to 


30 feet. | 7 
The procedure in “‘springing”’ holes is somewhat as follows: The 


chargeman lowers the springing gage into the hole and notes its size. 
and depth, the depth of water, etc. He then drops in the springing 
charge, and again lowers the gage to determine whether the charge 
has reached the bottom. A fuse, passed diagonally through a stick | 
of dynamite about 2 inches from one end, extends along the side of 
the stick to the other end, into which the end containing the deto- 
nator is inserted about 24 inches (fig. 8, A).* This stick of dyna- 
mite, with cap and fuse attached, is called a ‘“‘primer.’”’ The fuse is 
then lighted and the primer is dropped or lowered into the charged 
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(an af: iY primers. A, for detonation with fuse, as prac- 
rs SARK _ ticed in Santa Rita district; B, for electrical 
, : detonation, single primer; C, for electrical. 
FIGURE 7.—View of chambered drill hole show- detonation, double primer. 


ing how “springing gage”’ is used. 


hole, followed by a hurried lowering of the gage to show whether the — 
primer has reached the bottom. After this 2 to 4 gallons of water 
is poured in as ‘‘stemming,” the gage is quickly withdrawn, and the 
chargeman retreats to a safe distance. After the detonation, the 
gage is again lowered and the size of the chamber estimated. If nec- — 
essary other ‘‘springing’”’ charges are used, each about twice as large 
as the preceding one, until the hole is sufficiently widened or cham- 
bered out at the base to receive a proper blasting charge (fig. 9). 
For the third ‘‘springing,”’ where the holes are over 30 feet deep, and 
often for the second ‘“‘springing,” if much water is present, electric — 
detonation is used (fig. 8, Band C). Where there are several holes 
to be fired simultaneously electricity is employed instead of fuse. — 


: 
‘ 

: 
i 





a 'The Bureau of Mines does not recommend the lacing of a fuse through a primer. 
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The lead wires or detonating wires are connected in series and-the . 
_ detonators tested with a galvanometer. The lead wires are then con- 
nected with a battery and the charges are fired (PI. VI, B). 


CHARGING AND FIRING. 


The blasting squad usually consists of a charge man or powder man 
and four helpers. The charge man places all explosives in the drill 
holes, except in the “springing” of short holes, when the work may 
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FIGURE 9.—“ Springing”’ charges in bank holes in dry soil or soft rock. Waterstemming only. A, charge 
for first ‘‘springing’’; B, charge for second “‘springing’’; C, charge for third ‘‘springing.” 






_be done by the assistant charge man. The helpers carry the explo- 
Sives and accessories to the charge man while he is gaging the hole 
and charging it. | 
_ The amount of the charge for each hole varies according to the 
toughness of the rock, the position of the hole with relation to the 
face and to other holes, and its depth and extent of chambering. 
The drill holes to be blasted are “bank holes’’—those drilled verti- 
eally on each bench and situated back approximately one-third of 
their depth from the edge of the bench—and ‘toe holes’’—those 


et one 
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driven into the face of the bench, say, 4 to 6 feet above the shovel — 
level at the foot of the bench. The toe holes are driven with a down | 
ward slope of 20° to 30° below the horizontal. = 
Average charges for bank holes in medium-hard rock are abouts as 
follows: 3 4 
Average charges for bank holes in medium-hard rock. 


\ 


Charge. 
Sticks of 
Depth of 3 : 
hole. ee 40 per cent Trojan 
a primer. | “strength |, POWder | stemming 
-., |No. 2 (gran- : 
dynamite. | ulated). 
Feet Pounds. Pounds Feet. 
28 land 2 138 100 » 24 
40 hae 2s a Bape ara a a ea 267 36 
50 land 2 170 200 40 
OD ees yaa cy rel a ee eens ec 550 60 
a 50 2 DSTO milf aaeeee ease 30 : 





@ Driven into soil. 
>’ FF black powder. 


Average toe-hole charges for medium-hard rock are: 


s 


Average toe-hole charges for medium-hard rock. 





‘Charge. 
Number of 
Depth of | sticks of 
hole. dynamite | 40 per cent 
in primer. | strength | Stemming. * 
dynamite. 
Lf 
Feet. Pounds, Feet. ao; 
8 1 12.5 4to 6 ; 
18 | . land 2 60. 0 12 to 14 











The following are average mixed charges from a number of observa- 3 


tions: 
_ Average mixed charges. 


BANK HOLES. 











Quantity Charge 
A ae of | of mixed | per foot 
charge. of hole. 
Feet. Pounds. Pounds. 
28 188 6. 72 
40 267 6. 68 ; 
50 369 7.38 
250 b 375 7.50 
70 550 7. 86 
TOE HOLES 
8 12.5 ¢1.56 
18 60.0 3.33 _ 








@Tn soil and soft rock. 
+ Black powder. 
¢ Holes not chambered. 


: 


“are minimized and the ef- 
‘ficiency of the blast greatly 
“increased. When the charge 


shoveled into the hole and 
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When the holes are sufficiently chambered or sprung and are 
ready for loading, an electric-detonator primer, prepared as shown in 
figure 8, C, is carefully lowered to the bottom of the hole. The first 
part of the charge, varying from 100 to 300 pounds, is dropped in 
afterit. Another primer is then placed in the hole and the remainder 
of the charge, 75 to 250 pounds, is added (fig. 10). During the process 
of loading, the charge man frequently drops in his gage, to determine 
how rapidly the hole is filling and to guard against the clogging of the 
powder. Often granulated Trojan powder is poured in to fill the 
interstices between the 
sticks of dynamite and the Nee 
fissured places in the rock 
(fig. 10). Thus air spaces 


Ss 
a ea Sie Fo See 


es 
i> 
Ci 
i BRS 







A . 
OPPs om 





‘is all placed, screened clayey fee: cae ¥. 


sand and loam are carefully © 





packed down for stemming. 






All blasting is done at ee) aan. Rea Ose 
such time as will least in- ULES ia IP 
terfere with the operation IN yee il Ot P< 
of steam shovels, trains, <> at AY 

drilling machines, and gen- ah te es 


eral work. Wherever prac- 
_ticable, the blasting is done 





great deal of blasting is also 


at the end or before the be- 
ginning of the shift or dur- 
ing the noon period. A 


done by the night squad. 
The rules of the company 
prohibit more than one in- 
dependent charge in any 
‘hole; that is, the explosives 
must be so placed that no stemming separates any part or parts of 
the total charge in any hole. Double or triple charges, separated by 
‘stemming, are not allowed to be put into one hole, owing to the 
‘danger from incomplete detonation. A part of the charge under 
such conditions might not explode, thus rendering subsequent steam- 
shovel operations dangerous, for unexploded dynamite is sometimes 
‘set off when dug into by steam shovels. 
The toe holes are loaded in much the same way as the bank holes, 
except that the charge has to be pushed into the relatively flat toe 





FIGURE 10.—Typical blasting charge in bank hole. 
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holes, a little at a time, with the aid of a charging stick—a long, 
slender wooden pole (Pl. VII, A). a 
In general the equipment of the charging squad is as follows: 


‘«Springing” gage. Combination detonator crimper, pliers, 
Charging sticks. and punch. 
‘Pocket reflecting glass. Wooden mallet. 
Galvanometer. Large funnel. 
Rheostat. Pocket knife. 
Blasting battery. Wooden axe handle. 
Explosives. Detonators. 
Fuse. Battery lead wire. 
Electric detonators. Connecting wire. 


After the holes have been charged the detonator wires are con- 
nected, generally in series, with the wires that lead to the battery 
(fig.11). Agalvanometer 


— is then attached to the lead 

— wires, and if the whole con- 

= SEPT SOE, level, nection makes a complete 
eleverion about 6280 = * circuit the galvanometer 

ea SS needle will be deflected. 
yee holes SS If there is a break in the 
he, ¢ Ww \\ circuit it is located by at- 
//| taching the wires so that 


Low bench, first one hole, then two 
he, holes, and SO on, are left 
out of the circuit; as soon 
as a_complete circuit is 
found, it is known that the 
break must be between the 


\\, Zatlery leoo! 3 completed circuit.and the 
[wires Ss Single primer hole last cut out of circuit. 





| i 
High bench, 
CMEVETION SLODING 


6 PLOUF 6330 
2 =e 


Lo | BDO0Ub/e priner When a complete circuit is 
(} Battery @Dril/ hose established, the wires are 
FIGURE 11.—Arrangement of detonator and electric wires for ready for connection with ; 


perce 3S Ss the battery. The current 

used in the testing galvanometer is about one-thirtieth of that necessary 
to detonate the charge, so that there is an ample margin of safety. 
Five or ten minutes before the charge man finishes connecting the 
detonator wires he notifies the engineer of the nearest locomotive or 
steam shovel, who toots the whistle 40 or 50 times. This warning is 
understood by all workmen, and they immediately retreat to a safe~ 
distance. The final connection with the battery is then made, and 
after an interval of afew minutes the charge man sets off the round 


‘GIV1 ONISE 3YvV SAODYVHS « 390d), 


HOIHM NO SY301MO" 39YV1 DNIMOHS ‘SS10H 
USValde ONS YSalaveLlnd) qaAOHS 30 s30Vva 


iA 3ivid 20 NILATING 


I 





wAOILS ONISUVHO: 
¥V SV NMONY 310d N3GOOM YSGN31S DNO1 V HLIM NI 
GAHSNd ONIZE SI SOYVHD SHL “3IOH SOL V SNIGVOT ‘F 








—_ 
= 


oe 
r 











DETAILS OF MINING IN SANTA RITA DISTRICT. ao) 


of shots. After the explosion he notifies the steam-shovel or locomo- 
tive engineer, who, when he returns to his post, sounds a long blast 
of the whistle, indicating that the danger is over. 

' If a charge misses fire, of course no attempt to withdraw it is made. 
Such a proceeding would be entirely too dangerous.. The remedy is 
to drill a new hole within 6 or 8 feet of the unexploded one. The new 
hole must not be so close to the old one that deflection may cause it 
to break into the unexploded charge. The distance is gaged by the 
charge man who chambered the old hole and knows the size of the 
chamber, and by the driller who drilled it. During the drilling of 
_ the new hole, as a precau- | 
_ tionary measure, nobody is 
allowed to work in the vicin- 


* ! 
ity of the unexploded hole Steam-shovel No 7s 
ae Working here 
_ except the men necessary to a ee 
operate the drill. 23st | ee . 
| i E==flevation #8 Llevation 3 Wy 
FACTORS AFFECTING BLAST- Spy ey Nee NS! 
ING EFFICIENCY. ‘ Ai) es: ee 
ir ' 
. ° . ih / M L} i 
The quantity of material Pievetion es K/evation\ 
loosened by a given amount pense 
/ 


. iene 6220 hole 
of explosive depends on ee ; 

many factors, chief among 
which are: Toughness of the 
rock; degree of jointing and 
fissuring; number and ex- 
tent of free faces of the 
bench to be blasted; depth 


Tyee 
~ 





and spacing of the holes— PRIOR IO M80 ura tO AON. FORMERS 
their distance apart and Eee! 
© FIGURE 12.—Results of firing bank and toe holes in positions 
| from the free faces; charac- shown. Arrangement of holes and superficial area cut by 


ter of ch amb erin g an d of each series are indicated by dotted lines. 


charging of the holes; character of detonation of the charges—whether 
they are all detonated simultaneously. 
_ A factor of special significance in determining the charges to be 
used is the degree of solidity or ‘‘tightness’’ of the rocks at the base 
or toe of the blasting face. Where the rocks are solid at the toe, toe 
holes with fairly heavy charges greatly increase the efficiency of the 
blast, and cause the rock to break down to an even surface. Data 
regarding several bank and toe holes projected are shown in figure 12. 
The conditions seemed to be about average for the mine. The 
results from the blast with these holes were as follows: About 3.2 
cubie yards of soil and weathered surface rock was broken per pound 
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FIGURE 13.—Results of firing blast 


holes in firm rock. Shows arrange- . 


ment for single-line bench holes. 
The areas cut by each are indicated 
by dotted lines. 


aes 


of black blasting powder. Approxinmtea 
3.1 cubic yards of somewhat weathered 
dioritic rock was averaged per pound of 

Trojan powder. Where this rock was _ 
firmer and more solid the results averaged | 
about 1.5 cubic yards for a pound of Trojan 
and 40 per cent strength Repauno gelatin | 
dynamite (fig. 13). In the tougher areas — ; 
only about 0.4 cubic yard was broken per _ 





pound of Trojan powder. Average results — 
from a number of blasts are given in the 
following table: 


Average results from several blasts. 


7 Explo- = , Rock ~; 
Character of rock | Depth of ieee Rock broken per — 
and ore. holes. Used. broken. pound of — 
‘ explosives. — 


ie ee weathered| Feet. |Pounds.| Cubic yards.| Cubic yards. 


ae aes Wee eae 50 378 1, 222 3. 233 — 
Partly weathered 
dioritic rock. 70 700 2,168 3.097 — 
Doss ss setae: 28 and 50 | 2,235 3, 249 1,454 
Relatively soft 
porphyry 7-22. 40 825- 2, 264 2. 744 


For a three-month period in 1913 the — 
average quantity of ore and rock broken ~ 
per pound of explosives used was 2.55 
cubic yards. For a corresponding three- 
month period in 1914 the average was — 
2.67 cubic yards. The quantity of both — 
kinds of explosives used during these pe- | 
riods was as follows: 3 


Quantity of aS used in blast holes during two 
three-month pertods, ; = 


Three-month period Three-month period 


in 1913. in 1914 
Kind of Say meter 
explosive. uantity uantity 
: of Per cent of Per cent 
explosive | of total. explosive | of total. 
used. used. 
Pounds. Pounds. 4 
ses powder 192, 870 44.56 136, 950 39. 71 
her explo- 


aed ne eg 240, 000 55.44 207, 950 60.29 
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SECONDARY OR ‘‘DOBE”’ BLASTING. 


- When the bank holes are exploded, 5 to 15 per cent of the material 
‘broken is so coarse (Pl. VII, B) that it has to be blasted again in 
order to be handled easily by the buckets of the steam shovels, 
which have a capacity of 3 to 34 cubic yards. This secondary blast- 
ing is done by placing a number of sticks of dynamite and a primer, 
with 42 inches of fuse attached, on the rock to be broken, the size 
of the charge being regulated by the judgment of the powder man. 
Formerly it was the general practice everywhere to cover charges 
of this kind with a stemming of clay or adobe, giving rise to the term 
“adobe” or ‘‘dobe” blasting. This manner of breaking rocks is 
also referred to as ‘‘bulldozing.”’ 
— When the ‘‘dobe” charges are all set, the nearest steam whistle 
_toots a warning for the workmen to get out of the way. The charge- 
man and one or two assistants, each using a piece of fuse equal to 
the length of the primer fuses (42 inches) as an igniting medium, 
light the primer fuses and then run to safety. A series of cuts half 
through the igniter fuse indicate to the men doing the igniting just 
how fast their fuses are burning and how much time they will 
have to finish the lighting and get to safety. The number of ‘‘dobe”’ 
shots placed is counted, and the number of explosions heard is care- 
fully observed ‘so that any missed or delayed shots will be detected. 
_ Prior to the installation of the plant for crushing coarse material, 
the cost of blasting bowlders, or of ‘‘dobe”’ shooting, was about 1.54 
‘cents per ton of ore loaded. It is estimated that the new crushing 
‘plant saves 80 to 90 per cent of that cost. 


BLASTING COSTS. 


During a three-month period in 1913, when the mine was working 
at normal capacity, the cost of explosives was 3.75 cents per cubic 
yard of material loaded. For a corresponding period in 1914, when 
‘operations were conducted at only about 60 per cent capacity, the 

charges for explosives had dropped to 3.56 cents per cubic yard. 
The difference was due largely to the fact that fewer bowlders had 
to be blasted after the coarse crushing plant had been installed. 

The average cost per pound of all the explosives used in 1913 was 
9.55 cents, and in 1914 it amounted to 9.64 cents. ‘‘Dobe”’ blasting 
is an inefficient method of breaking rock, because the charge is not 
‘confined and much of its energy is lost; also because the loading 
‘Operations of the nearest shovel or ehavels must cease while the 
*‘dobe’’ charges are being placed and fired. 
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BLASTING ACCIDENTS. 


Under normal mining conditions about 1,500,000 pounds of ex- 


plosives is used annually by the Chino company. ‘These figures are | 
so large that, in comparison, the accidents have been few. During | 


1914 only two men were killed as a result of blasting operations. 


They miscounted the number of ‘‘dobe”’ shots lighted, and walked 


back before the last one, which was delayed, had exploded. In 
1913 three men were killed. A party of five men had taken refuge 


under the back end of a steam shovel, against the general orders of | 
the company. The blast was so heavy that the concussion moved | 


the shovel back on the men, fatally crushing three of them. 
SAFETY RULES. 


To help safeguard its employees the company has posted rules, 
printed in English and Spanish, so that everyone, especially those 


that handle explosives, may become familiar with them. Some of | 


the principal rules so posted follow: 


Before exploding a blast, care should be taken to give the blasting signal and to | 
wait until every person has reached a point of safety. Do not explode a blast until | 


at least three minutes have elapsed from the last note of warning. 


The powder ‘‘ whistle off” signal must be given after each and every time of blasting. 


All persons are warned not to return to the vicinity of ‘‘dobes” until at least one- 
half minute has elapsed from the last shot heard. 


When dobying (bulldozing) is done directly in front of a shovel no one should 


remain on or under that shovel for protection. 


In firing bank shots or toe holes the battery wires must not be connected to thes 
battery until the person immediately in charge walks back to the battery and gives” 


the word to connect. 


Do not smoke while handling explosives, and do not handle explosives near an 


open light. 


Do not carry loose detonators or electric deignatones in the clothing. Carry them in 


special boxes. 


Do not transport caps or cartridges containing caps to the blasting place with the 
supply of dynamite to be used, and do not place them side by side until ready for | 


explosion. 
Do not tamper with caps. If the caps are damaged, discard by.loading into some 
bank hole. 
Inspect the place where bulldozing has been done before work is resumed. Recover 
all powder and caps possible and return to their proper places. 


Carelessness will not be tolerated. The careless laborer Peleg not only himeelll ; 


but he endangers his fellow workman as well. 


All blasting machines must be tested with rheostat at least twice a week. If blast- 
ing machine is defective, this must be reported. The machine must not be used. 4 


until it has been repaired. 


During cold weather no dynamite but the nonfreezing powder shall be used unless 


by order of the general foreman. 


Powder boxes and powder cans must not be opened otherwise than with the wooden 


tools provided (which are mallet and axe handle). 





— 
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Black powder cans should not be rolled down the bank. 

Black powder should not be opened near a light or fire. 

Dynamite must not be rolled down the banks tied to a rope except in places and 

_ manner designated by the head powder foreman. 

It is absolutely prohibited to store powder or caps anywhere about a steam shovel. 
_ All such recovered material must be gathered up and returned to the boxes. 
Do not allow explosives to become scattered. Immediately after each finished 

- period of loading all unused powder and caps must be returned to their respective 
places. 

Detonators and powder must not be stored in the same place. 
Fuse, firing machines, and all tools necessary for blasting must be kept in a box 

_ Separate from the powder. All material must be kept under lock and key. 

Place all powder boxes so that the cartridges will rest in a level position. 

_. Do not fasten a detonator with the teeth or by flattening with a knife; use a crimper, 
_ Do not explode a charge to chamber a hole and then immediately reload the hole; 
the hole will be hot. Water must be used to cool it. 

Do not put two independent charges of explosives in the same drill hole. 

_ Do not attempt to draw nor to dig out the charge in case of a misfire. 

No person shall blast a hole alone; he must have some one near him. 
For dobying, fuse must not be less than 30 inches; for springing holes not less than 
18 inches. 
All electric detonators must be tested with galvanometer before placing stemming 
in the hole. 
Not more than three men are to load a hole at one time. 
In loading bank holes one primer must be placed in the hole before adding any of 
_the charge of powder. . 
_ After primer or powder has been placed in the hole no metal shall be used either to 
tamp or clear the hole. 
All tamping used in holes shall be screened dirt. 
Caps and electric detonators shall be stored in separate box, which shall be marked 

“Cap Box.’’ Nothing else shall be stored in these boxes. 

One man is never to trim a bank alone; at least two men should work together. 
While trimming, bank men are not to go down the bank unless with a rope securely 
fastened above. 


| ‘‘GOPHER’”’ BLASTING. 


At the present stage of development ‘‘gopher”’ blasting has been 
practically discontinued. However, in the past it was advan- 
tageously used to break down some high banks that were difficult to 
drill and load in the ordinary way. <A good account of one of the 
largest gopher blasts has been written by R. I. Kirchman,? bench - 
foreman for the Chino company. It is so instructive that extensive 
quotations from it follow. Kirchman first explains that in the 
preliminary work at Santa Rita, owing to the uneven surface of the 
ground, the height of the benches varied from a few feet to 150 feet 
or more. Some of: the high benches were maintained because the 
expense of opening intervening levels was not warranted by the 
conditions. Locally the rock was considerably fissured and jointed 
with a tendency to ‘‘hang up.’”’ Hanging brows of the rock, where 
the bank was 75 to 100 feet high, came down at uncertain intervals, 









4 Kirchman, R. I., Gopher blasting: Colorado School of Mines Mag., vol. 4, May, 1914, pp. 103-107. 
43503°-——Bull. 107—16——5 
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sometimes endangering the steam shovels near the base. When 
toe holes were sprung they often caved, thus rendering them useless — 
and necessitating new holes. Because of these difficulties it was 
decided to handle the bank with a large gopher blast. Kirchman 

describes the operations as follows: | 


Three adits were determined upon as shown in figure 14. The north adit was num- 
bered 1, the middle 2, and the south 3. Adits 1 and 2 required two tunnel sets each, 
These sets were lagged. Adit 3 was not fractured as much as 1 and 2 and did not : 
require timbering. The cross-section dimensions were 3 feet by 5 feet high, driven 
part by hand drill and part by air-drill machine. : 

The muck from the main adits was dumped directly in front and around their 
entrances. The broken earth from the crosscuts was thrown back and leveled to a 
height just sufficient to allow the passage of a man—that is, an opening about 2 by3 _ 
feet. The excess muck was carried to the entrance. The corresponding crosscuts — 
were thus left half full of muck back to the main adits. k 

The ends of the crosscuts were chambered to a size sufficient to accommodate the — 
powder predetermined by the amount of yardage over the ‘‘gophers.’’ The gopher 
was assumed to break from a line 10 feet beyond the breast of the main adits, and — 
along a 1-to-1 slope to the surface. | 

The Mexican laborers were divided into classes of miners and muckers. The 
miners were paid at the rate of $2.75 per day of 9 hoursand the muckers $2 per day. 
At the start only two 9-hour shifts were employed, but as greater progress was desired : 
three 8-hour shifts were put on. | 

The latter change left 2 men in each face, or a total of 18 men per 24 hours. The : 
progress was about 4 feet per shift. The total linear feet of gopher driven was 352. 
The time occupied in driving was 31 days. Loading commenced immediately after 

completion and required 3 days of 10-hour day shifts, and was accomplished by : A 
powdermen and 10 laborers for loading and tamping. | 

On the bottom of the drifts a walk was laid, composed of single boards placed — b 
loosely end to end; no nails were used. The Wear boxes were slid along this path © 
to the chambers. Ordinary pocket electric flash lights gave fair light for about 24 ~ 
hours. - = 
Crosscut 1 was loaded first. The ends of the powder boxes were opened and placed ei 
endtoend. The boxes were pyramided in a single tier down the middle of the pocket. — 
An electric fuse was placed in the middle box of each layer of the tier, making thre p 
fuses to the chamber. Extreme care was taken not to injure the light fuse wires. | 
An important precaution to observe in loading these initial charges is the avoidance iy 
of undue pressure upon the fuses or stick powder. The stick powder used was Du 
Pont 40 per cent Repauno gelatin. The fuses were Victor No. 7, 10-foot lengths, 
having a resistance of 1.2 ohms. 

The black powder, in 25-pound cans, was next placed about the powder boxes. 
About three-quarters of the black-powder charge was loaded from the breast to the - 
front of the charge and one-half way up to the back. Judson powder, in 124-pound — i 
paper bags, was placed upon the powder cans as compactly as possible. This latter — 
charge filled the pocket clear to the back. The final face of the chamber was sealed — 
with the remaining one-quarter of black powder in cans. The latter precaution adil 
taken to avoid any danger or damage to the dynamite and Judson powder when 
tamping. 

All connecting fuse wires were firmly contacted. The Phares were connected ie 
series with No. 14 lead wire, and the fuse wires were wrapped around the lead wires. _ 
All fuses were tested with a Du Pont galvanometer, which shows the presence of @ 
circuit and resistance contained therein. All completed circuits in the different 
chambered pockets were tested before the chambers were sealed with carefully placed 
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muck. The lead wires from each chamber were laid on top of the muck and in one 
corner of: transverse cross section. Pieces of wood broken from the refuse powder 
boxes were placed at an angle above these wires, thus affording a protection from the 
rocks. ‘These lead wires were uncoiled as fast as the tamping proceeded. 

The tamping was a slow and laborious process. The muck had to be carried in 
powder boxes and slid along the board path, and dumped into the receding filled 
faces. At intervals of 3 feet of fill the circuits were tested in all drifts. 

During the loading of the gopher the men suffered from powder headaches. These 
were sharp and annoying, but soon passed away in most cases when brought to the 
fresh air. The tamping progressed more rapidly when the main adits were reached. 
An unusual source of danger occurred for a few days during the presence of electrical 
storms. The precaution of keeping all lead wires well within the adit entrances wa | 
observed. 

The lead wires from the several entrances were then connected in series. A pair of 
main lead wires was then laid a distance of 1,500 feet north of the entrance of adit 1. 
These were not connected until the proper time for blasting. The Pe batten 
a Du Pont 1-75 fuse machine, was cleaned and tested. 

The final circuit was tested with the galvanometer and a resistance of 24 ohn 
noted; this indicated a good connection. The eighteen 10-foot fuses used should | 
have had a total of 21.2 ohms; the remaining 2.8 ohms was apparently due to imperfect 
connections. The resistance of the lead wires was practically zero. On June 25, 
1913, the gopher was fired. Some bowlders were thrown 400 to 600 feet by the con-— 
cussion of the sharp blast. The main mass of the material was not thrown over 200 
feet. | 

The yardage of the gopher was figured on a 1-to-1 slope. The steam shovels removed 
60,000 cubic yards (in solid), but the total has not yet been removed. It is estimated 
that 40,000 cubic yards, in solid measurement, of loosened material is still to be 
removed. 

It was the opinion of some that the gopher was loaded a trifle too heavy. For the 
class of overburden a load of 1 pound of powder for 3 or 35 cubic yards (solid) would 
have yielded better results; but as an experiment for future reference this was a 
successful gopher. No serious delay occurred, no damage was done, and the practicas 
bility of a gopher bank was demonstrated. 


} 





The data were summarized by Mr. Kirchman as follows: fp 


Data regarding one of largest ‘‘gopher” blasts used’ by Chino company to break down 
high bank. £. 





ioe 


Powder loaded (pounds). Rate loaded. 
| aM Cubic é 
atio o yards — 
Chamber. Black Forty jexplosion| Total Engi- | Pounds | broken 
powder Judson. | percent | toigni- | powder | neers’ |per cubic per 
gelatin. tion charge. |estimate.| yard. |pound of — 
charge. @ explo- 
Cu. yds. 
IN. Now lee ae cesses 7, 725 2, 400 800 12. 65 10, 925 25, 664 0. 41 
Si Noul Bain yen ee ee 5, 500 500 11.00 6, 000 14, 948 . 40 
IN ING S20 Oh i otis aan 5, 250 600 8..75 5,850 | 18,122 32 
SiINO4202 7 jae eee eocctechee Bees 9, 250 800 11.56 10, 050 25, 197 40 
IN NON ote ee eee ee eee ae 7,050 500 14.10 7,550 12, 446 67 
SONOS cons seca et ae eee ae 9, 050 900 10. 05 9, 950 22, 283 45 
Total or average... i; 725 | 38, 500 4,100 11/27 50,325 | 118, 660 425 








a These data are of interest in that they indicate the proper ratio of the ignition charge to the explosiamt 
charge. An idea of the ratio of the overburden in cubic yards to the powder in pounds is suggested. 
large ratio in this character of ground is recommended. 
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LOADING ORE. 


After the ore and waste have been broken by blasting they are 
loaded onto cars by Marion steam shovels. Of these, there are six 
of the 91-ton model, two of the 92-ton model, one of the 100-ton model, 
and one of the 40-ton model—ten in all. 

The 40-ton and the 100-ton shovels are used for digging first or 
pioneer cuts, also called “thorough” cuts. The 40-ton machine has 
a large arc of swing to its boom, so that it can carry a cut into a 
bank, swinging its dipper back to one side far enough to dump into 
a car close to the side of the shovel and back from the working face 
of the cut. The other shovels when making first, or pioneer cuts, 
have to load onto cars that stand on the bank cee outside the 
excavation that is being made. The 91-ton and the 92-ton shovels 
are designed to have a maximum lift of 19 and 213 feet, respectively; 
hence, in general, they can not make a first cut more than 10 to 12 
feet below the level of the loading track. The 100-ton shovel, 
however, is built with a long boom and dipper arm, so that it has a 
maximum lift of 35 feet. Its function is primarily to make pioneer 

or “‘thorough” cuts, which the other shovels enlarge. It can cut 
a Bide ditch about 22 feet deep, lifting the material up onto cars 
that stand on the banks outside the cut. It has a dipper with a 
sapacity of 3 cubic yards, whereas the capacity of the 91-ton and 
ot the 92-ton shovels is 34 cubic yards. This smaller dipper is 
necessary because the eee boom and dipper arm—92-foot extreme 
vadius—greatly increases the strain on the machinery. 

_ The crew of each shovel consists of an engineer at $190 per month, 
t craneman at $135 per month, a fireman at $3.50 per 10-hour shift, 
m oiler at $2.25 per shift, and 6 to 8 pitmen at $2.25 per 10-hour 
shift, who assist in loading operations and in moving the shovel. 

_ The material handled per day of two 10-hour shifts by each shovel, 
Recpt the small 40-ton machine, is 1,400 to 2,800 cubic yards, 
neasured in the solid. This tether wide variation is due to occa- 
ional shortage of cars, local difficulties of digging, or temporary 
yreakdowns. 

The coal, oil, and cotton waste used per 10-hour shift is as follows: 












Coal, owl, and cotton waste used per 10-hour shift. 





Amount used by different sized shovels. 


Material. Price. 
91-ton and 92- 

40-ton. ary 100-ton. 
Me oe a et ba coe $0.14 per gallon....| 3 pints........ PAG UBEENA TS cs 2 quarts. 
MN re Pa od per gallon..)-3 pints... 4,14 3,quarts....... 14 gallons. 
DI ee on os a tad sae ceine -22 per callon...).]-4 pint. :. 2.1... Uipinte ees. 1 pint. 
|S CET, Boe IN ae ie, aoe ee a .10 per gallon... . L CIUai tease soe 2quarts.. soe 13 gallons. 
BE OOSO te hes cae fos Sisalelcrne eects .05 per pound . + pound....... % pound.'!...... % pound. 
Mute cotton waste...........-...- 9.39 Vhs hundred- | 1 Pound sae see Ie pond aes ee 1 pound. 

weight. 

i@-of-mine coal.........-....-... 4.30 per ton...... De VOUS. cane seit COUS eet ee 73 tons, 


ee 
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Heavy castings and repair parts for all the shovels are kept on 
hand so that a shovel can, without much delay, be almost rebuilt in 
the company’s machine shops. 

The cost of loading is in general 6 to 12 cents per ton. In a few 
cases, owing to exceptionally unfavorable circumstances, the loading 
costs for one shovel for a month have averaged as high as 29 cents 
per ton. On the other hand, exceptionally favorable conditions 
have at times reduced the monthly average to a little more than 4 


cents per ton. 
TRANSPORTATION OF ORE. 


In the matter of transportation, it was planned to have the loaded 
cars moved from and the empties moved to the shovels with ag 
little delay as possible. To handle the trains of ore and waste 
fourteen 424-ton and seven 50-ton, 4-wheeled Porter locomotives are 
used. These have cylinders 15 by 24 and 16 by 24 inches. _They 
are each manned by a locomotive engineer, at $4.25 per 10-hour 
shift and a fireman, at $3 per 10-hour shift. The quantities of oil 
and fuel used by cach locomotive per shift of 10 hours are about as 
follows: 


Quantities of oil and fuel used by 424-ton and 50-ton Porter locomotives with side or saddle 
water tanks. 


Hnging OUTS, Sod, oon cicaiee wt aa Slcier ene Bee 14 pints, at 22 cents per eallors 

Ovlind roils oo cea seek ae ee ie aes ...-l pint, at 37 cents per gallon. 

Cup predad shaw oth lar, to ny ctee Aas ey eee ee 4 pound, at 5 cents per pound. 

White cotton waste. sos. .lc leer: oy ores eo eerie 4 pound, at $9.39 per hundred- 
weight. . 

Riin-of-Mn 1G Com eo. feet ee a eee ee oe 3 tons, at $4.30 per ton. 


In general, there are always about two locomotives in the shop 
undergoing repairs. In addition, one locomotive is held just outside 
the shop with steam up ready for instant service. The total repair, 

upkeep, and all other expenses of the locomotives amount to about 
0.2 cent per ton of material handled. 

The ore cars in use are about as follows: Forty-five 12-yard, side- 
dump, Oliver steel cars; forty 6-yard steel cars not equipped with. 
air brakes; four 20-yard ane cars fitted with air brakes, air dumping 
applianees, etc. The four last-mentioned cars are leased from the 
Santa Fe Railroad, and have given such good satisfaction that the — 
Chino company he ordered several of the new Clark 20-yard exten-— 
sion dumping steel cars (Pl. VIII). ‘These dump on either side, by 
air or by hand power, and are said to be satisfactory. 

The experience of the Chino company has been that 6-yard cars 
are too light for loading with heavy shovels and too expensive to 
keep in repair. Not being fitted with air brakes, they are rather — 
dangerous to handle on heavy grades. The inroen heavy, air-brake | 
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A, STEEL ORE CAR USED AT SANTA RITA. DUMPS ON EITHER SIDE BY AUTOMATIC AIR 
CONTROL OR BY HAND, CAPACITY 20 CUBIC YARDS. 





B. STEEL ORE CAR IN DUMPING POSITION. 
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and air-dump cars, though expensive, are cheaper in the long run, 
under the conditions of heavy service that prevail at Santa Rita. 

Ore that is fine enough not to need crushing is generally loaded 
directly into 50-ton steel railroad cars, the property of the Santa Fe 
Railroad Co., and is sent direct to the mill at Hurley without having 
to pass through the crushing plant just below the mine. 

The following table shows the number of cars of each size loaded 
per month, during five typical months, and the cost of keeping them 
in repair. The repair cost per dry ton of ore handled and per cubic 
yard of waste is also given. The 50-ton cars are the property of the 
Santa Fe Railroad Co., but are kept in repair by the Chino company 
while used by them, and so are included in the repair account. 


Cost of car repairs for five typical months. 


CARS USED IN MINING ORE. 


























Cost of repairs. Number of cars loaded. 
Month. 
Labor. | Supplies. eon 20-yard. | 12-yard. | 6-yard. | 50-ton. 
1914. 
EILAT Ye sae one Goa cues $188.81 | $196.19 | $0.00196 |.......... LOO e sestete tees 4,028 
Be OLUSLY sects eeaek cs Dade cee 148. 99 85. 01 SOOLZAS rat Nawiee 3 Ap eae See Ses 4,066 
«SGT, oR a Se eevee 138. 48 103. 40 SOOLOON i etate were ey SOR: ete ea 4, 435 
MBIT Ue Shalt Cece ota. Pines 94. 93 78. 72 . 00142 107 DOSY eee csue 1, 837 
NURS O et gale oe eee ee ena 86. 24 91. 87 - 00171 12 Pd UNS As weleis aes 1,438 
CARS USED IN STRIPPING WASTE. 

| Cost per 

cubic yard. 
BEAN Vinee exe 5 SoS. kaa Se $1,699. 33 |$1, 765. 73 | $0.01122'|.......... 27,124 LOC VLLG See ee ee 
BROT UAT srr cher ee ee ot cies 1,340. 88 765. 08 00741 |..... SS GZ BANG 13,043),|5 oe cenccne 
Bench Ny meee sie Ret Ree 1, 246. 36 930. 61 OOG29i| bbe cere eis 34, 525 1G; 05) |Seeec meine 
BSIST teas iar o es. Sal. --| 854.35 708. 48 - 00838 1,017 10, 169 10, 778 12 
Berber bebo scene: 2005.22 kd otk 776.17 826. 86 . 01008 1,548 9,511 9,065 14 





The material loaded onto cars by the steam shovels is hauled out 
of the pits to one of the following destinations: The mill, direct; the 
crusher; the ore stock pile; or directly to the smelter.. The waste 
goes to the waste dumps. The lowest grade of ore, containing about 
| 0.8 per cent copper, which has to be moved to get at other higher 
grade ore and to develop the workings properly, is sent to the ore 
stock pile if the copper market happens to be unfavorable. It is 
left there until such time as it can be most favorably utilized. Only 
the ore that contains many bowlders too large to pass the 12-inch 
_by 13-inch grizzly at the mill is sent to the crusher. The other ore is 
sent direct to the mill, except the occasional carloads that average 
high in copper; these are shipped direct to the smelter. 
_ The grade of the pit tracks varies considerably. The average 
grade of all the tracks to the waste dump, the stock pile, the crusher, 
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and the railroad yards is estimated to be 24 per cent. Some idea) 
of the amount of material handled over the company’s tracks during} 
the month of July, 1914, when the mine was working at normal 
capacity and during the month of September, 1914, when it had) 
ereatly curtailed its output owing to the European war, is given 
in the table following: 


Data showing material handled on Chino company’s tracks. 


Ton-miles of haul. Grade 
miles, 
; haul to 
Month. wasteand 


: Mill or ore piles 
Waste. |Ore piles.} Crusher. mai! Total. and te 


crusher. 


| ee | eee | es | | 


Tee ee hoi Eom ARE, Newly. 953.055.1039. S11 se eee 228,771 | 1,221,737 2, 533 
Gan tember ts esc eee e TaeRN 447,486 |  3,045| 36,517] 78,830 565, 878 2), 055 


The figures in the second, third, fourth, and fifth columns of the 
above table are obtained by multiplying the average length of haul 
by the tonnage moved, thus giving the ton-miles; the figures in the 
last column are the product of the linear miles and the rise in feet 
per mile for hauls to the waste and ore piles and to the crusher. The 
cost of hauling out and dumping waste averaged a little less than 3 
cents per cubic yard. 

The tracks are of standard gage and consist of 60-pound rails laid 
on 7-inch by 9-inch ties 8 feet 2 inches long and spaced 20 ties for each 
length of 33-foot rails. A few 75-pound rails are used in the pits. 
The Chino company constructed at its own expense and is operating 
about 24 miles of railroad track. This trackage connects with the 
railroad yards of the Santa’ Fe branch line to Santa Rita. It is 
provided with ample turnouts and crossovers and is systematically 
operated under the supervision of a yardmaster and his assistants, 
switch tenders, etc. 

The maintenance of the pit tracks is under the supervision of an 
assistant roadmaster. Subordinate to him are 4 track foremen, 
each in charge of a gang of 13 men. These gangs shift track and keep 
the track lines up to the steam shovels. The waste and ore-dump 
tracks are looked after by 7 track foremen, each in charge of a gang 
of 13 men. These crews level off and trim down the dumps and 
keep the tracks shifted out toward the edge of the dump slope. 
The pay of the laborers is about $2.05 per 10-hour shift. The track 
foremen receive $4.55 per 10-hour sbift. ; 


CRUSHING OF COARSE ORE. | 


. 


The coarse ore grizzlies at the Hurley mill have openings 12 by 13 
inches. It is intended that the ore shipped to the mill shall have 
few fragments too coarse to pass through these openings. Up to 1914 
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ore fragments coarser than this had to be broken by ‘‘dobe” blasting, 
or by hand, either at the shovel, on the cars, or at the mill. These 
methods of breaking the large fragments were relatively expensive. 
It was therefore decided to build near the mine a plant for crushing 
coarse ore, the plant to accommodate. any bowlder that could be 
handled by the 3 to 34 cubic yard dippers of the steam shovels. 

A site for the new crushing plant was selected on a side hill, so that 
the ore cars could be run on a track about 50 feet higher than the 
feeding hopper of the large crusher (Pl. 1X, A). It is situated about 
14 miles below the mine, and is convenient to the branch line of the 
Santa Fe Railroad which leads to the mill at Hurley. The cars of 
coarse ore from the mine are dumped onto the steel grizzlies (Pl. IX, 
B), the bars of which are about 8 inches apart. The oversize pieces 
roll down into a hopper that feeds to a 48-inch by 60-inch Superior 
jaw crusher. This vast crusher weighs 100 tons, and is driven by a 
150-horsepower motor. It crushes to 6 inches and smaller, and has 
a capacity of 3,000 to 5,000 tons per 10 hours. A 48-inch overlapping 
steel pan conveyor, driven by a 50-horsepower Westinghouse induc- 
tion motor, conveys the crushed product, and the fines that have 
gone through the grizzly bars (PI. IX, B), up a 154° incline to the 
top of the loading bin (Pl. [X, A). A number of observations showed 
that one-fortieth to one-fourth of the contents of each car dumped 
onto the grizzly went over into the crusher. The remainder went 
through the bars as undersizes or fines. 

The loading bin, of steel, is 40 by 144 feet at the base, and 23 feet 
high. The upper 9 feet of the longer dimension tapers in to 26 feet 
8 inches instead of 40 feet as at the base. It has a capacity of 567 
tons, on the basis of 21 cubic feet to the ton of ore. The bin has six 
loading chutes on each side, and is between two tracks, so that two 
large steel cars can be loaded at the same time. The loading chutes 
are high enough above the rails so that the loading is all by gravity. 
From 10 to 20 minutes is required to load a car having a capacity of 
100,000 pounds. The coarser the material the easier the loading, 
after it is once started. Fine material sometimes chokes the chutes, 
until prodded loose by the bars of the car loaders. 

About four 12-yard cars at a time are pushed by a dinkey loco- 
motive from the mine to the up-grade side of the grizzly. The 
locomotive engineer then gives three blasts of his whistle. If the 
crusher man is ready for more ore he answers with two whistles. The 
first car is set opposite the grizzly and dumped by hand, then the other 
cars are set and dumped as fast as the crusher can take the ore. 
After all the cars in a trip have been dumped, the locomotive engineer 
sounds two blasts of his whistle, and pulls the dumped cars past the 
crizzly; after the cars bave been uprighted and fastened, he proceeds 
to the mine for more material. 
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Five men are required at the top of the grizzly to dump and upr ight | 
the cars. A trip of 4 cars can be dumped and uprighted in about 5il 
minutes. After the train has pulled out, the men shovel onto the 
grizzly any material that has fallen Ande. The crew operating the_ 
crusher consists of a foreman, two mechanics, two crusher runners, — 
four car men, one loader, and three laborers. The total | 
wages amount to about $35 per 10-hour shift. 

The total cost of building and equipping this crushing plant was | 
about $127,000, of which $42,000 was for labor and $85,000 for 
supplies. | 

The total cost of operating the plant for crushing coarse material — 
for a part of August, 1914, was $1,231.84, or at the rate of 14 cents | 
per dry ton of ore. For September, 1914, the total operating cost of 
the plant was $1,994.84, or at the rate of 1.9 cents per dry ton of ore. | 
This higher cost was due to some important reinforcements required — 
for the retaining walls and additional equipment charges. 





MINE DRAINAGE. 


The precipitation in the Santa Rita region is so light that» the— 
amount of water that gets into the workings is relatively small. — 
‘The slopes in some of the open cuts are such that they drain directly 
to the Santa Rita Creek. In the deeper open cuts sumps with — 
electrically driven pumps take care of the water. The 300-foot level 
of the underground workings, which are old workings kept open” 
mainly for drainage and prospecting, is drained by two Aldrich 
triplex pumps and one Byron-Jackson centrifugal pump, all operated 
by electric power. These pumps have a total capacity of about 1,000 _ 
gallons per minute, against a head of 400 feet. A reserve pumping — 
plant on this level consists of two:Cameron pumps, 16 by 7 by 18 — 
inches. They are operated by compressed air, and are held in readi-— 
ness in case of accident to the electric pumps or to the supply of © 
electric power. On the 400-foot level the small amount of seepage 
is collected in a sump, and pumped to the 300-foot level by a 16-inch, — 
three-stage, electrically driven Byron-Jackson centrifugal pump, 
having a capacity of 900 gallons per minute. 


EFFECT OF SLOPES OF OPEN CUT. . 
a 
The stabihty of the slopes of an excavation has an important : 
bearing on the cost of the excavation. Where the slopes stand — 
steeply the cost is much less, other things being equal, than where — 
they slide to flat angles, owing to softening by ground water or other — 
causes. If the slopes of the excavations at Santa Rita were as 
unstable as, say, those of the Culebra Cut, much would be added to 
the cost of mining. . 
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A, PLANT FOR CRUSHING COARSE ORE, AND LOADING BIN, SHOWING CARS AND LOADING 
TRACKS. 


The coarse material is hauled to this plant over the upper track, the grade of which is visible in the upper 
part of the picture, and dumped over the grizzly, from which the oversize goes to the crusher situated in 
the structure below and in front of the grizzly, An inclined belt conveyor with overlapping steel pans 
elevates the fines from the crusher and ‘grizzly to the loading bin, from which the cars are loaded on the 
lower tracks. 





B. VIEW OF PART OF THE GRIZZLY SHOWN IN PLATE IX, A. THE OPENINGS BETWEEN 
THE STEEL BARS ARE ABOUT 8 INCHES WIDE. 
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At Santa Rita great open cuts have been made and from these ore 


and waste are being excavated by steam shovels. These vast open 


pits are thus constantly being widened, from the central area out- 


ward, and are being deepened to the bottom of the ore body. The 


steam shovels operate on benches, as already explained, one or more 
to a bench, depending on the location of the ore bodies, the require- 
ments of mining, etc: The bench levels, in this process of being 
widened, are cut back into the rising ground, and into the sides of 
the hills, necessitating slopes that, locally where ridges are cut, are 
several hundred feet high. 

These high slopes, in places, may be largely in waste material that 


overlies valuable ore bodies; hence their stability has much to do ~ 


with the cost of mining. If they stand steeply, much less excavation 


_is necessary than if they slough down to flat grades. At Santa Rita 


the open-cut slopes have stood remarkably well, chiefly because of 
the following factors: 

(1) There is little ground water in the soil, which covers the rocks 
to depths of a few inches to 30 feet or more. This is because of the 
relatively small precipitation and the good drainage conditions. The 
latter are due to the porosity of the soil and the slope of the ground’ 
toward the open cut. 

(2) The upper or weathered zone, which varies much in thickness, 
depending on the character of the rocks, the degree of jointing, etc., 
is considerably cut by jointing (Pl. X), and some shearing. This 
weathered zone, together with most of the mineralized rocks, is locally 
much altered, not only by weathering, but also by hydrothermal 
action. The effect on the slopes is as follows: 

(a) The weathering and mineralizing solutions have much sericitized 
the feldspars, thus weakening the rocks and causing a considerable 
degree of pulverization when they are blasted. With excessive ground 
water this condition would also tend to give them muddiness and 
mobility. However, ground water being largely absent, as already 
explained, they are strong enough to stand at fairly steep slopes with- 


out crushing or movement, except some sloughing, for all heights of 


slope that are likely to be encountered. 

(b) The jointing has cut the rock mass into irregular blocks (PI. X), 
and these will, of course, slough off where the slopes are rather steep, 
especially after they have been somewhat loosened and jarred by. 
blasting. However, this jointing is not great enough to give a flow- 
age-like motion, or ‘‘creep,”’ to the jointed material, even on the 
highest and steepest slopes. Where faulting has sheared the rocks, 
and slikensided them, there is considerable local sloughing, but such 


zones are too restricted to cause a noticeable increase of mining cost. 


The rocks below the weathered zone are less jointed and are more 
stable than those just described for the weathered zone; hence they 


stand fairly steeply. 
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The steepest slopes of the cut are those in the quartzite and other 
hard rocks. They range from 55° to 85°, depending on whether the 
principal joint planes dip toward the excavation. Probably the 
average slope in such rocks is about 70°, with the soil covering and 
loose rock on top sloping at about 40°. In the softer rocks slopes of 
40° to 70° are maintained. In calculating the yardage of stripping 
to be removed, a slope of 1 on 4 was first used, meaning one unit 


vertical to one-half unit horizontal. However, in 1915 the use of a | 


slope of 1 on ? was adopted as being safer for making ore estimates. 

The flattest slopes are those at which the material in the waste 
dumps comes to rest. Several of the large dump slopes, some show- 
ing about 200 feet of elevation were measured, and they all approxi- 
mated 37°, in spite of the fact that they contained much fine mate- 
rial. The upper half of each of the dump slopes was about 374° and 
the lower half about 364°. The increased flatness below is due to 
the tendency of the larger fragments to roll down and flatten the 
slope at the bottom. 


COMPRESSOR PLANT. 


The air-compressing plant contains two Nordberg compound com- 
pressors, each driven by a 200-horsepower electric motor. The air, 
when compressed to 90 pounds per square inch, is stored in two steel 


cylindrical receivers 44 feet in diameter and about 13 feet long. 


One of these is a discarded steam boiler that serves its purpose 
reasonably well; the other was built as an air storage tank. From 
these reservoirs pipes distribute the air to the places in the workings 
where it is needed to operate the tripod and small hammer drills, 


and the few churn drills that formerly used steam but now use air. © 


The power charges against the compressor are $550 to $650 per 
month. 


CENTRAL POWER PLANT AND POWER DISTRIBUTION. 


The Chino company has its power-generating and power-distribut- 
ing center at Hurley, where the concentrating plant is situated. 
Power is distributed in the form of electrical energy generated in a 
large modernly equipped steam-driven plant. When the plant was 
visited by the authors in 1914, steam was supplied from eight Heine 
safety boilers, each of 445 horsepower capacity. One or two of 
these were always in reserve, or being cleaned, or undergoing repairs, 


while the others were in active operation. Two additional 419- — 


horsepower boilers were being added. The boilers were equipped 
with superheaters, and with mechanical stokers of the Greene and 


American types. They used natural draft, except the two new ones, 


which had forced draft. 
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The plant operated with steam at a pressure of 180 pounds and 


heated to 370° F. One fireman and two helpers, per eight-hour shift, 


operated the plant. The additional boilers called for two more 
helpers per 24-hour day. In the boiler room were also two boiler 
washers and one repairman. Feed water heated to a temperature of 
190° to 195° F. by Stilwell heaters, and measured by V-notch weirs, 
is supplied to the boilers by three automatically controlled pumps, 
each 8 by 12 by 7 by 12 inches. 

The boilers supplied steam to three Nordberg compound engines, 
each 27 by 60 by 48 inches. Each engine drove a 1,250-kw., 480-volt, 
Allis-Chalmers generator. Steam was also supplied to a 150-horse- 


power Ballwood tandem compound engine, which drove a 100-kw., 


250-volt, Allis-Chalmers generator. Another 100-kw., 250-volt, gen- 
erator, of the Westinghouse type, was driven by a 150-horsepower 


Westinghouse steam turbine, and one 100-kw., 250-volt, Allis- 


Chalmers generator was driven by a 150-horsepower Allis-Chalmers 
alternating-current motor. Therewereother smaller motors about the 


plant. A Worthington surface condenser, operated by steam-driven 


dry-vacuum and motor-driven wet-vacuum pumps, provided water for 
each dynamo engine. 

The water from these condensers, the condensate, was pumped 
into a series of baths, in which the cylinder oil and graphite was 
removed. The cleaned water was then returned to the feed-water 
storage tanks in the boiler house. The exhaust from the other 
engines went direct to the feed-water heater. The water for cooling 
the condensers was circulated by two 16-inch Worthington volute 
pumps driven by 200-horsepower Allis-Chalmers induction motors 
operated at 690 revolutions per minute against a pressure of 37 
pounds. Only one of these pumps was used at a time, the other 
being held in reserve. 

During July, 1914, the cost for the coal used at the Hurley plant 
was 33.2 cents per 1,000 pounds of steam generated, and during Sep- 
tember it was 32.7 cents. 

In the transformer room the plant contained two banks, each of 
three single-phase, 400-kilovolt-ampere, 60-cycle, Allis-Chalmers 
transformers, oil-insulated and water-cooled. These transformers 
could be run in multiple or separately, and they stepped the current 


from 480 to 24,000 volts. 


Attached to the power plant there was an oil-filtering plant for 


_ treating used oil. - It had a capacity of 25 gallons per minute and a 
_ storage capacity of 450 gallons. The used oil drained by gravity to 


the filtering room and three small double pumps circulated it to the 
pressure filter tanks. After filtration, the oil was forced by air 


_ pressure to the engine room for reuse. All oil pipe lines leading to 
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and from the filter room were colored. For example, yellow indicated 
engine oil, brown indicated the cylinder-oil drain to the filter, green — 
the prankpidl oil drain, ete. The cylinder oil required two filtering 
The cotton waste was peared by a centrifugal machine. + | 
During the year 1913 the power-generating plant had a net output 
of 24,198,633 kilowatt hours. The average cost for the year for 
current delivered to the feeder circuits on the switchboard was | 
$0.012 per kilowatt-hour, not including the distribution losses. An | 
analysis of this cost is given in the following table: | 4 








Analysis of cost of generating power at Santa Rita plant in 1912. 





Cost per 
Item. Total cost. kilowatt- 
hour. . 
Overhead expense, direct supervision... .----------------+--++++e0e+e++2e-+- $6, 081. 68 $0.000251 
Labor, operating ..-.----/.------------- +++ +--+ 222 rece ree er eee eee eters eee 27,970. 48 -001156 
A DOPS TODAS oa oicn Gate hase ema tia 4 aha Oe merger is Sen eae asl eae ee SOS eaeeare 8, 864. 88 000366 
Supplies, operating .......-.---------- +--+ +--+ 2022s seer eee ee eet teers 167, 649. 56 - 006928 
Repairmaterials .) 772. 5-i22s-e enins ora reece RCTS Es aa, eae ane ge 4,597.14 -000190 
otal direet:tost.co acu tas Sock a Ua te clea Rae aa ree a ee ee 215, 163. 74 . 008890 
Overhead chi re general administrative (estimated).......--------.------- 7, 600. 00 000314 
Taxes (estimated)... 2.00+ saeco codes eet bl tWaee cae cl wb acu bbe saeceseats 5, 530.00 . 000229 ; 
Fire insurance (estimated). .-..-.------- +--+ +2222 e eee eee eee eee eee eee eee 1,383.00 . 000057 
Interest on plant, $553,000, at 6 per cent...---.----------------+-+--------+-+ 33, 180.00 -001371 | 
Depreciation, 4 per cent (amortization fund based on 15-year life, 6.66 per 
cent depreciation at 6 per cent interest, compounded semiannually) ’.--.... 22, 120.00 . 000914 t 
Gross cost: 6f generation 6.41 uecdiiuecck ve. peewee te eee ee eee 284, 976.74 .011776 4 


a 


During the month of September, 1914, the Santa Rita operations — 
consumed 105,529 kilowatt-hours. The distribution of power for the 
month of July, 1914, when the mine was operating at normal capacity, _ 
and for September, 1914, when it was operating at about 50 to 60 per ' 

cent capacity, Was as follows: 





Distribution of power in Santa Rita operations during two months. 





















ie 
JULY, 1914. Fi 
Electrical 4 
: Kilowatt- |p orcerowor-| Ki Electrical 
Item. our pepe ss i Kilowatts. horsepower. * 
Miss 16h RA ENDS RENE ie 1,521,101 | 2,039,011) 2,044.49] 2,740.60 
Pumpin’ soos Bete, Rebs SON AME A oA TI ST 478, 514 641, 439 643. 16 "862.15 
Current for town of Santa Rita..........-------+---+-+- 202, 246 271, 107 271.84 364.39 
SHOPS. ...----- +--+ ++ 2-22-22 e eee e eee eee eens 12, 150 16, 286 16. 33 21.89 
Llptitge cho. oh Loli ee ee ra eed ee 30, 560 40, 965 41.07 55.06 
Mitel Mec suatasnee aeueee ok Ce eee eek ye 2,244,571 | 3,008,808} 3,016.89] 4,044.09 
3 
SEPTEMBER, 1914. - 
BIN NCLY Seen a ee avy ey anh ok Ayr iy) ey ya ioe i 981,331 | 1,315,459 | 1,362.97 1, 827.04 
Bumping. a; alah ye sme eae | YEN 9 NOB a a aie Sle apn 342,971 459, 746 476, 34 638. 54 
Current for town of Santa Rita........-..-.....-....... 105, 529 141, 459 146.57 196.47 
Shopses 60 o 1s neki sees we ei see oe Senet 12, 150 16, 286 16. 87 22. 61 ae 
Lightess Mick stencau gud = Un us roe Aen Laer ow eck aes 22,913 30,714 31. 82 , 42.65 


FV OAL <4 go yey e ate he, ee ee Cerne es 1,464,894 | 1,963,664 | 2,034.57| 2, 727.31 2 
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SANTA RITA POWER AND SHOP EQUIPMENT. 


» A high-tension transmission line from the company’s. electric 
power station at Hurley, about 11 miles south, furnishes power to 
operate the shop machines, compressor, plant for crushing coarse 
material, pumps, etc., and to light the town of Santa Rita. The 
line is designed to awe a pressure of 24,000 volts, but this high 
pressure is stepped down by transformers at Santa Rita to 440 volts 
for use in motors and to 110 volts for lighting. 

- In general, the repair plant may be said to consist of a machine 
shop, with blacksmith and boiler shops attached, and a carpenter 
shop. At the time of the authors’ visit in 1914, the working force 

‘of the mine had been considerably reduced, owing to war condi- 

tions. At that time the machine shop feline 3 blacksmiths, 4 

blacksmith helpers, 1 drill sharpener and helper, 9 machinists, 5 

machinist’s helpers, 4 boilermakers, 4 boilermaker’s helpers, and 9 

ear repairers. The blacksmiths and machinists were paid $4.50 for 

‘9 hours and the boilermakers $5. The car repairers got $3 to $4 for 

Q9hours. All the helpers were paid $2.50 to $3 for 9 hours. 

The shop equipment was as follows: 






Shop equipment of Chino Copper Co. in 1914. 


1 Sellers power hammer, operated by air. | 3 emery wheels: 1 wet, 1 dry, and 1 drill 





1 coke furnace for extra-heavy forging. erinder. 

2 blacksmith forges. 1 American planer. 
3 lathes: 1 Davis, 12-inch; 1 Bradford, 18- | 1 Long & Allstatler punch and shears. 

inch; and 1 Pond, 36-inch. 1 Watson Stillman portable wheel press. 

1TAcme bolt cutter. — 1 6-ton hand crane. 

1 Williams pipe machine. 1 power hack saw. 

1 Barnes drill press. 2 Buffalo forge blowers, operated by a 
1 Miles radial drill. Allis-Chalmers 25-horsepower motor. 


1 Steptoe shaper. 


In the drill-sharpening shop, a No. 3 Leyner drill-sharpening 
machine, operated by two men, took care of all the steel for the tripod 
drills. In this shop there was also a boiler flue scaling machine, an 
oil furnace for heating flues, a flue welder, a flue swedging machine, 
jand a circular saw for cutting wood, all driven by a 15-horsepower 
motor. | 
_ Before the water-softening plant was installed the locomotive and 
steam-shovel flues had to be taken out and the scale removed about 
‘every three months, at great expense. Subsequently the frequency. 
of scaling has been reduced to about once each year. Flues are 
welded, swedged wherever necessary, and used over again. The 
composition of the boiler scale taken out was about as follows: 
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Composition of boiler scale from flues of Chino Copper Co. 


Constituent. Per cent. 

Volatile matters 2 toto esse eee ete een erat ce 33 
Tnsolubles i205. a0 dk ag oe ee REA Se ag ane i ee 13 
Ale O as bi Sales PERI Ry Se SU Re A ss ae a a 6 
Fey Oye nso os ahs ds oes Semicon t © ene EL to ee 14 
MeO eet she Sh Wotan APE os Se Ra oO oats te) en ee Ai 
Oa, 2c. ele ele Bsa ate oh ate 2 erate aN re ce ta ee On 28 
OO ers le eae Mee aan bee Sele eh 2 oe ee ae oe 3 
Seid oka Rae ae gee Re NR SE Po 2 
Totals. osu Sloe see ees Se ke oe he Se ie nl 100 





Locomotive, steam-shovel, drill, and pump parts were kept in 
stock. Car axles, car wheels, and all castings were received in the 


rough and were machined in the company’s shops when needed. 


Locomotives and steam shovels were practically rebuilt on the 


premises when necessary. 

The carpenter shop, a large building, had a lumber yard attached 
in which about 100,000 feet of material was always kept on hand, 
A 25-horsepower motor drove a circular saw, a handsaw, a swing 
cut-off saw, a lathe, and other accessories. Nine carpenters and four 
helpers were employed in 1914. Carpenters were paid $4.50 per day 


of 9 hours and their helpers up to $3 per day. Mexican laborers 


working around the carpenters’ shop got $2 per 10-hour shift. The 
construction and repair of all the company’s dwelling houses and 
other buildings, as well as bridge building, timber framing, etc., came 
under the charge of the foreman carpenter. 


POWER COSTS. 


During the month of September, 1914, after the mine work had 
considerably slowed down, 105,529 kilowatt hours of electrical energy 
was used at Santa Rita at a total cost of $1,075.31. Of this cost 
$247.10 was for labor, and $828.21 for supplies. The distribution of 


the cost was as follows: 


Distribution of cost of power generated for town of Santa Rita by Chino Copper Co. 


Item. Per cent.| Cost. Item. Per cent.| Cost. 


Com pressOrece seacerese sae: 40 pe 12 Tighe acer Shop-sec-s eases 1 $10. 75 
Machine|shop 2.2. )jee se 3 2. 26 t service, town lights, etc... 8 86.03 
Assaying and sampling.....-.. 1 10. 75 Grates operation -. 2.26: --s2-- 26 279. 58 
Mine drainage; electric ‘pumps. 6 64.52 wee 
‘Water supply; 3 pumping sta- TPOUAL cise scaens eee sak 100 | 1,075.31 
GIONS pe. setae scam sete see 15 161.30 : 


This cost amounts to 1.02 cents per kilowatt-hour, or 0.76 cent per 


horsepower-hour. Assuming that the power was used for 720 hours, 
the number of hours in the month, the cost per horsepower per month 


was $5.47. 
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WATER SUPPLY AT SANTA RITA. 


The somewhat arid climatic conditions of the region give particular 
importance to a water supply adequate to the needs of such extensive 
mining operations as those at Santa Rita. However, a series of wells 
and some small-streams supply ample water and a water-softening 
plant eliminates the excess of calcium and other salts and renders 
the supply satisfactory for domestic and boiler use. 
The largest well at Santa Rita is the Pinder. It is near the bed 
of Santa Rita Creek, and much of its supply comes from the sub- 
surface flow of that avi ke A Dean triplex 9-inch by 12-inch elec- 
tric pump lifts the water from this well and forces it through 3,600 
feet of pipe against a difference in elevation of about 410 feet. The 
diameter of the discharge 
aperture of the pump and 
of the first 30 feet of the 
pipe is 7 inches; the next 
2,500 feet is 8-inch pipe, and 
the last 1,100 feet is 12-- 
inch pipe. The gage on the 
water pipe near, the pump 
shows a pressure of about 
200 pounds persquare inch. 
Against this pressure the 
pump throws 175 to 200 
gallons per minute, more or 
less. Itis operated by an <¢ 
Allis-Chalmers, 75-horse Ficurz 15.—Horizontal curvature and lengths of different 
sizes of pipe of Pinder well pipe line. 
power, three-phase motor, 
using a 440-volt current. The curvature of the pipe line and the 
lengths of the different sizes of pipe are shown in figure 15. The 
well is also equipped with a steam auxiliary plant for use in case of 
necessity. During October, 1914, 4,965,230 gallons was pumped 
from the Pinder well to the water-softening plant, or at the average 
rate of 10,558 gallons per hour of pumping. In addition, 1,449,782 
gallons was pumped for domestic purposes from “ drill reine Ls ad 
1,440,450 gallons from the Booth well for general supply. 

Each blast-hole churn-drill machine uses about 200 to 300 gallons 
of water per eight hours. The larger prospecting churn drills each 
use about 500 gallons per eight hours for all purposes. Steam 
shovels each require 6,000 gallons, and mine locomotives about 4,000 
gallons each per 10 pou 
43503°—Bull. 107—16——6 


Finder wel/pump 
7-/NCh pipe 







Scale in feet 
400 &00 


Water rreating plant 
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WATER-SOFTENING PLANT. 


A Reisert automatic water-softening plant, with a capacity of| 
9,000 gallons per hour, takes the excess of calcium and allied salts 
out of the water so as to make it suitable for boiler use. The plant 
is situated on a hill, about 300 feet above the town and about 350 
feet above the mine, where the water is mostly required. © 

Figure 16 shows the flow sheet of the plant. The raw water is 
admitted to the bottom of the saturator, where it comes into con- 
tact with cream of lime previously supplied from the lme-mixing 
or slaking compartment. In rising and mixing with the cream of 
lime, the raw water reaches the top of the tank in a saturated con- 
dition and nearly clear. From the lime saturator it flows into the 
mixing pan at the top of the settling tank, coming into contact there 
with raw water and with soda ash solution from the soda compart- 
ment. The proper proportions of these inflowing solutions are auto- 
matically regulated by float valves. After the raw water, the sat- 
urated lime water, and the soda ash solution have been thoroughly | 
mixed they pass fon the mixing pan through the downtake pipe 
to the bottom of the settling tank. From there the mixture slowly 
rises to the top, and the precipitates resulting from the chemical 
reaction slowly settle out. At the top the water is fairly clear, 
but it overflows into filter tanks where the last of the suspended 
matter is removed. Emerging from these, it goes to a stor- 
age tank ready for use. The filter tanks are washed out, whenever 
necessary, by reversing the flow. The solid matter may be drawn 
from the bottom of the settling tank by opening a valve. 

The plant is operated by one man under the supervision of the 
mine assayer. The mechanical regulation and operation of the plant 
can be taught to the average operator in a few days. . 


FUEL. 


The fuel used by the Chino company comprises bituminous and 
subbituminous coals from northern New Mexico. Run-of-mine coal 
and No. 2 lump are principally used. Under normal working con- 
ditions about 63,000 tons is used annually at Santa Rita. The 
average cost of el delivered there is $4.35 per ton, more than 
half of which is for freight charges. , 

When received the coal is unloaded to storage piles. To keep the 
temperature down and prevent fires from spontaneous combustion, - 
the piles are built around ventilating stacks, which are wooden 
conduits a foot square made out of 1-inch or 14-inch boards m 
which many holes have been bored (PI. V, B). 
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FIGURE 16.—Flow sheet of Santa Rita water-softening plant. 7, Drains filter to top of gutter; 2, raw 
water inlet to soda compartment; 3, raw-water inlet to raw-water compartment; 4, raw-water inlet 
to lime-mixing compartment; 5, by-pass to reverse flow of water through filter; 6, drains filter down 
to tight head; 7, treated-water outlet; 8, air valve for cleaning filter; 9, open pipe for cleaning lime pas- 
sage; 10, open pipe for cleaning lime-saturator outlet; 11, controls flow of raw water through treating 
plant; 12, controls flow of saturated lime water; 13, soda-solution outlet; 74, drain for cleaning out soda 
compartment; 15, drain for cleaning out raw-water compartment; 16, passage from lime-mixing com- 
partment to saturator; aa, settling tank, 
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MINING COSTS. 


Economy of production is the policy that, other things being equal, 
offers the greatest opportunity for success in mining, as in most other 
lines of business. The cost figures established by the Chino company 
should be of interest, not only to mining men, but also to engineers 
and contractors who have to do with excavations of various kinds, — 

The total average cost for blasting, loading, and hauling per ton of 
ore for the period October, 1910, to September, 1914, was about 20° 
cents; of this, about 12 cents was for labor and about 8 cents for 
supplies. The lowest average monthly cost was 12.9 cents per ton, 
7.8 cents of which was for labor and 5.1 cents for supplies. The 
highest average monthly cost was 60.5 cents for July, 1911; 43.5 
cents of that cost was for supplies and 17 cents for labor. The pur- 
chase of an unusually large store of supplies, charged against this” 
month, caused this abnormally high average. 

The al average cost of stripping per cubic yard, from October, 
1910, to August, 1914, was 31.5 cents, equivalent to 15.2 cents per 
ton. Of this, 20.1 cents was for labor and 11.4 cents for supplies. 
During the same period, the lowest monthly average cost per cubic 
yard was 23.4 cents, 15.2 cents of which was for labor and 2.8 cents” 
for supplies. The highest monthly average cost was 36.8 cents per 
cubic yard, of which 24.3 cents was for labor and.12.5 cents for 
supplies. | 

During the year 1913, the average cost of mining and hauling to” 
the mill and dumps all classes of material was 36.87 cents per cubic 
yard. The cost of handling waste alone was 33.43 cents per cubic 
yard in place, or a little over 16 cents per ton. The cost per ton for 
blasting, loading, and hauling the ore was 23.13 cents per ton. In 
general the cost per ton is greater for ore than for waste because of 
the limited areas in which ore is loaded and the consequently more | 
intermittent character of the loading. Other delays arise from 
occasional shortage of standard railroad cars for loading ore. The 
breaking of large blocks of ore by blasting formerly added something 
to the ore cost. The new plant for crushing coarse material at the 
mine is intended to obviate such blasting. 


oO 


MILLING. 


About. 10 miles southwest of the terminus of the railroad line 
at Santa Rita, it emerges from the narrow winding Whitewater 
Valley and gains the open plateau. Near here, with many miles of 
open country in which to expand, the mill town of Hurley was laid — 
out, and the concentrating plant was built. The discussion follow- : 
ing is not intended to be a complete description of this splendid | 
modern mill, but it calls attention to certain details not mentioned — 
in the account of the mining operations, | 
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_ The ore is hauled from the mine to the mill by the Santa Fe Rail- 
road Co. Each train, handled by one locomotive and composed of 
25 to 27 50-ton steel cars, carries 1,250 to 1,350 tons of ore. At 


Hurley the cars are run out on a very high trestle over the top of the 
crude-ore bins, into which they discharge by gravity. The course of 


the ore through the crushing plant at the mill is shown by figures 17 
and 18. 


Description of parts shown in jigure 17. 


1. Fifty-ton side-dunip ore cars. Weight of car, 44,700 pounds. Lengtn, 35 feet. 


2. Grizzlies of 60-pound rails over bins; openings, 12 by 13 inches. 

8. Crude-ore bins. Total storage capacity, 14,500 tons; available storage capacity without poking, 5,000 
tons; each bin 34 feet wide by 28 feet 6 inches deep by 300 feet long inside. 

4. Forty feeders of the caterpillar type. Speed of apron, 10 feet per minute; capacity of each feeder, 1.25 
tons per minute—75 tons per hour. 

§. Two 30-inch conveyor belts moving 245 feet per minute; about 325 feet from center line to center line, 














FIGURE 17.—Flow sheet of plant for crushing coarse material, Hurley mill. 


6. Grizzly, 1 inch by 4 feet by 12 feet; bars ? inch by 4 inch by 3 inches. 

7. Grizzly, 1 inch by 4 feet by 11 feet; bars 2 inch by 4 inch by 3 inches. 

8. No. 8 McNally crusher; 375 revolutions per minute; crushing to 3 inches maximum size. 

9. Elevator; belt 36 inches, 12 ply; head pulley, 60 by 38 inches; boot pulley, 48 by 38 inches; 49 feet 4 
inches from center line to center line; belt speed, 440 feet per minute; buckets, 173 by 8 by 10 inches; 
projection, 18 inches ‘between buckets. 


| 10. Grizzly, 1 inch by 4 feet by 9 feet; bars, ? inch by 4 inch by 3 inches. 
11, Rolls, 72 by 20 inches; peripheral speed of roll shells when new, 1,000 feet per minute. 
12. Grizzly, 24 inches by 3 feet by 8 feet 9 inches; for removing large pieces of native copper, wood, etc. 


13. Steel platform at bottom of grizzly. 


14. Twenty-inch conveyor belt; 20 feet from center line to center line; inclination, 20°; speed, 330feet per 


minute. 


16. Grizzly, 1 inch by 3 feet by 7 feet. 
16. Conveyor belt, 36 inches wide; about 275 feet from center line to center line; maximum inclination, 20°; 


speed, 300 feet per minute. 


17. Primary sampler; cuts sample every five minutes. 
18. Receiving hopper. 


19. Two 24-inch shuttle conveyors; 24-inch belts, 120 feet long; speed, 350 feet per minute. 
20. 'Ten steel tanks, 24 feet 6 inches in diameter by 40 feet neh: 
21. Rolls, 14 by 27 inches. 


[2 Vezin sampler, cuts 20 per cent of (21) roll product. 
23. Elevator, returning material rejected from samplers to bins for fine ore; 6-ply belt, 6 inches wide. 


24. Floor on which sample is quartered by hand. 
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Description of parts shown in figure 18. 


1. Fine-ore bins; two cylindrical steel tanks 24 feet 6 inches in diameter by 40 feet deep; approximate — 
capacity 1,000 tons each. , 
2. Four feeders of the caterpillar type. 
8. Two 20-inch belt conveyors, about 20 feet from center line to center line; speed, 250 feet per minute. 
4. Two 24-inch wet elevators; 24-inch, 12-ply belts; speed, 400 feet per minute; about 62 feet from center 
line to center line; buckets staggered on belts; pitch of alternate buckets, 9 inches; buckets 12 by 7 © 
by 8 inches. i 
. Six 36-inch by 48-inch impact screens; 600 impacts per minute. 
. Two 42-inch by 16-inch rolls; peripheral speed of shells when new, 1,000 feet per minute. 
. Four 36-inch by 48-inch impact screens; 600 impacts per minute. 
. Two jigs with two 6-mesh screens each; screens 24 by 36 inches; 112 revolutions per minute; 13-inch 
stroke. 
9. One 30-inch wet elevator; 30-inch, 12-ply belt; speed, 450 feet per minute; 60 feet from center line to 
center line; buckets, 15 by 8 by 10 inches, staggered on belt; pitch of alternate buckets, 9 inches. 
10. Four 4-spigot Richards-Janney classifiers. 
11. Two desanding tanks, 5 feet 3 inches by 7 feet 2 inches by 6 feet 9 inches deep. 
12. Chilean millfeed tank, 3 feet by 24 feet by 6 feet 6 inches deep. 
13. Three Garfield Chilean mills, 324 revolutions per minute. 
14. Two three-spigot Richards-Janney classifiers. 
15. Two three-spigot Richards-Janney classifiers. 
16. Four five-spigot Richards-Janney classifiers. 
7. Six 4-foot by 12-foot Garfield tables; 245 revolutions per minute; %-inch stroke. 
18. Two 4-foot by 12-foot Garfield tables; 245 revolutions per minute; %-inch stroke. 
19. Two 4-foot by 12-foot Garfield tables; 245 revolutions per minute; Z-inch stroke. ‘ 
20. Two4-foot'by 12-foot Garfield tables; 245 revolutions per minute; 3-inch stroke. 
21. Two 4-foot by 12-foot Garfield tables; 245 revolutions per minute; {-inch stroke. 
22. Six No. 5 Wilfley tables; 245 revolutions per minute; 3-inch stroke. 
23. One double three-compartment jig; 188 revolutions per minute; 2-inch stroke; 26-inch by 38-inch — 
screen; first and second compartments, 7-mesh, 0.035 brass wire; tail screen, 9-mesh, 0.035 brass wire. 
24. Four Isbell vanners; corrugated belts, 6 by 10 feet; 2-inch side stroke; 130 revolutions per minute; — 
73-inch slope. 
25 and 26. Each consists of four vanners same as 24, but having 7-inch slope. 
27. Four vanners same as 24, but having 63-inch slope. . 
28. Four vanners same as 24, but having 6-inch slope. 
29. Four vanners same as 24, but having 7-inch slope. 
380. Four vanners same as 24, but having 6-inch slope. ’ 
31. Four vanners same as 24, but having 6-inch slope. ; 
32. Twelve vanners same as 24, but having smooth belts; 120 revolutions per minute; 44-inch slope. 
83. Thirty-two vanners same as 32. 
84. Twenty-eight vanners same as 32. 
35, 36, 87, and 38. Each consists of ten steel-cone tanks; 9 feet 5 inches in diameter; 60° slope. 
39. Fifteen double wooden tanks; water-recovery plant, equivalent to 50 cone tanks or 10 cone tanks per — 
section; serving five sections. 
40. Two slime pumps. 
41. Four pumps; 10-inch, special, class ‘‘B”’ volute; two sets of two each, series connected; serve five sec- 
tions. 
42. Two muddy-water sumps, serving five sections. 
43. Four pumps; 10-inch discharge; special, class ‘‘B”’ volute, serving five sections. 
44. Two sumps for all vanner concentrates, serving five sections. 
45. Two 4-inch centrifugal pumps, series connected, taking material from sumps 44, and serving five 
sections. 
46. One 4-compartment Richards-Janney classifier. 
47. One 4-foot by 12-foot Garfield table, modified. aa 
48. One 4-foot by 12-foot Garfield table, modified. 
49, One 4-foot by 12-foot Garfield table, modified. 
50, 51,and 52. One vanner same as 24, but having 6-inch slope. 
§3. Concentrate sump, serving five sections. 
64. Three 6-inch centrifugal concentrate pumps, serving five sections. 
65. One primary concentrate sampler, Vezin type, serving five sections. ; 
56. One secondary concentrate sampler, Vezin type, serving five sections. ‘ 
57. Sixteen concentrate bins, 22 feet 6 inches by 15 feet by 12 feet deep. All bins are served by a tom 
Gantry crane with a 24 cubic foot clamshell bucket. 
58. One tailings sampler, pendulum type, cutting the tailings stream once in 6 minutes; serves five sections : 
NoTEs.—46 to 52 inclusive, constitute concentrate cleaning plant. Three such plants serve five sections, ‘ 


aNrNRAaan 








Note - Cross-hatched machines use muddy water 
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FIGURE 18.—Flow sheet of a section of operations at Hurley mill. 
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Since the installation of the crushing plant for coarse material at 
the mine, the grizzlies (2, fig. 17) across the top of the crude-ore 
bins, consisting of 60-pound rails giving openings 12 by 13 inches, 
are seldom needed. The capacity of the receiving bins 3 is 5,000 
tons, and they discharge, through 40 caterpillar feeders, 4, arranged 
along the bottom, 20 on a side. These supply two 30-inch conveyor 
belts, 5, which carry the ore to the second set of grizzlies, 6 and 7, 
from which the undersizes drop onto the main belt conveyor 16, and 
the oversizes go into a No. 8 McNally crusher, 8, breaking to a maxi- 
mum size of 3 inches. From this the total product is raised by an 
elevator, 9, and passes over a third grizzly, 10, with openings ? by 4 
inch by 3 inches. The oversize from this goes to rolls // and .the 
undersize to the main belt conveyor 16. | 

Another grizzly gets the product ftom the rolls 11. This treatment 
is mostly to take out, as oversize, flattened pieces of native copper, 
wood, etc. The undersize goes to another elevator, 14, then over 
another grizzly, 16. The oversize from this is elevated and again 
passes through the rolls 7, the undersize going to the main belt con= 
veyor 16. The latter elevates the crushed ore to a receiving hopper, 
18, which distributes it onto shuttle-belt conveyors, 19. These dis- 
charge into one of 10 steel ore tanks, 244 feet in diameter and 40 feet 
high. A primary sampler, 17, cuts a sample from the crushed-ore 
stream every five minutes. This sample passes through rolls, 27, and 
is then resampled by a Vezin sampler, 22, the rejected material be- 
ing returned to the fine-ore bins by an elevator, 28. The Samy 
retained is quartered by hand on a table, 24. 

From the fine-ore bins (7, fig. 18) caterpillar feeders, 2, deliver the 
ore to belt conveyors, 3. From them it is raised by an elevator, 4, 
and delivered to impact screens 5, with the oversizes going to rolls 
6, and the undersizes to Garfield tables 17. The product from the 
rolls goes to other impact screens 7, the fines from which go to Gar- 
field tables 19, and the oversizes to jigs 8. The jig-oversizes go back | 
to the era 4, and the concentrates finally reach the concentrate 
bins. From the Garfield tables the concentrates go to Wilfley tables 
22, and the tailings go back by elevator 9 to classifiers 10. Of the 
five products from these, the two coarsest go to Chilean mills 12 and. 
13, the finest to Hebe ine tanks 1/1, the next finest to fine classifiers 
16, and the intermediate to Garfield tables 18. All the products 
from the fine classifiers 16 go to vanners 24 to 28. The products from. 
the Chilean mills 12 and 13 go to classifiers 14, which give three 
products, the two coarser going to Garfield tables 20 and 21 and the 
finest to a fine classifier, 75. The three products from the latter go 
to vanners 29 to 31. The Wilfley tables 22 give three products, the 
coarse tailings going back by elevator 9 to classifiers 10, the interme- 
diate to jigs 23, and the concentrates to concentrates sump 53 and 
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thence to storage bins 57. All the concentrates from vanners 24 to 31 


go to sumps 44, from which pumps 45 elevate them to the cleaning 
plant 46 to 52. The tailings from the vanners go out onto the waste 
dump, being automatically sampled by samplers 58 on the way. The 
overflow from the desanding tanks 1/7 and from the classifier 16 goes 
to a series of steel-cone settling tanks 35 to 38. From these the 
overflow goes to muddy-water reservoirs 42, where it is somewhat 


clarified by settling, so as to be used over again. The slimy sediment 


from the cones goes to smooth-belt vanners 32 to 34, which give tail- 
ings that go to the waste dump and concentrates that go to the clean- 
ing plant 46 to 52. This comprises a Janney classifier, modified Gar- 


field tables, and vanners, designed to handle very fine material. The 


concentrates from the vanners of this cleaning plant are mixed with 
the concentrates from all the other vanners, and go through the 
cleaning plant again; the tailings go back to the classifiers 10. The 
intermediate product from the modified Garfield tables of the clean- 


ing plant goes back to Wilfley tables 22 and the concentrates from the 


latter go to the concentrates sump 53 and bins, as do the concentrates 


from the Wilfley tables and the overflow from the classifiers 46 of the 


cleaning plant. 
The foregoing outline, in conjunction with figures 17 and 18, gives 


in brief form the chief operations of the mill. Since the time of the 


authors’ visit in 1914 alterations and improvements have been added 
to the plant, but these are perhaps too technical to be treated in any 
but a report addressed to metallurgists. 

The mill has a maximum capacity of almost 8,000 tons per 24 — 


_ hours, when the character of the ore is favorable, but 6,000 tons is 
- considered a fair daily average. To operate the total milling plant, 


consisting of five concentrating sections similar to that shown in 
figure 18, and the coarse-crusher section (fig. 17), about 3,500 horse- 
power of electrical energy is required. 

The average extraction for 1913 was 67.31 per cent from 1,942,700 


- dry tons milled, equivalent to 5,322.4 tons per day. During a period 


of about five months a section of the mill was idle owing to modifica- 
tion in the scheme of treatment; hence the tonnage for the year does 
not represent full capacity. The ratio of concentration for the year 


was 10.61 to 1, with the concentrates averaging 14.518 per cent 
_ copper, or a recovery of 27.37 pounds per ton of ore. The ore treated 
_ for the year averaged 2.033 per cent copper. The ratio of concentra- 


tion was lower than in 1914 because of the high iron content of certain 


_ of the ores mined during the year. 





The ores treated during 1914 carried less iron and gave a better 


- concentration. For the month of September, 1914, the ratio of con- 


centration was 17.32 to 1, from 101,300 dry tons milled. The lessened 
tonnage treated was due to the war conditions. The actual recovery 
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was 73.438 per cent of the copper content of the ore. The concen- — 


trates carried 27.67 per cent of copper. Any excess of silica over iron 
is penalized by the smelter. Toward the end of 1913 a concentrate 
recleaning plant was added to the mill and this helped to make a 
cleaner product, thereby lessening the freight and smelter charges on 
the copper actually produced. 


HURLEY WATER SUPPLY. 


A most important question which had to be solved before a site for 


the new mill could be decided on was the matter of an adequate water _ 


supply. Such a supply, it was found, could be obtained from springs, 
wells, and the subsurface flow of creeks within piping and pumping 
distance of the mill site at Hurley. An electrical pumping station on 
the ‘‘B Ranch”’ has a capacity of 750 gallons per minute. The pump 
is an 11-inch by 12-inch Aldrich triplex, driven by a 75-horsepower 
motor, which has to overcome a head of 250 feet. Similar pumping 
plants are on the Cameron and Whiskey Creeks. The Apache Tejo 
pumping station has two 14-inch.by 18-inch quintuplex Aldrich 


pumps, each having a capacity of 2,500 gallons per minute; each is © 
driven by a 400-horsepower electric motor, which has to overcome a 
total head of 400 feet. Only one of the pumps at the Apache Tejo ~ 
station is operated at a time, the other being held in reserve. The © 


supply of water for domestic use in the town of Hurley comes from 
this station. 


Two reservoirs are in use at Hurley, one for clear and the other for — 


muddy water. The clear-water reservoir gets the water from the 


pumping stations above described. It is 210 by 144 feet, and 12 © 
feet deep. The muddy-water reservoirs get the settled water, — 
already used in the mill, and caught and partly settled by the White- — 
water No.2 Dam. The size of this reservoir is about 60 by 70 feet — 


and 12 feet deep. The muddy water is handled by six 10-inch, Class 


- 


B, Worthington volute pumps, each having a capacity of 2,500 gallons ~ 
per minute against a head of about 95 feet, and each driven by a ~ 


75-horsepower motor. The Whitewater No. 2 Dam and the settling 
reservoirs near it have a storage capacity of about 15,000,000 gallons. 


The water that flushes the tailings out of the mill is there ponded and 
settled to be used again. When the new spillway at the White- 
water No. 1 Dam is completed there will be a storage capacity for 


muddy and flood water of 500,000,000 gallons. The muddy water, 


after partial clarification by settling, is used over again on certain of — 
the tables and classifiers. It may contain up to 4 or 5 per cent of 


solids. 


The total amount of new water used in the mill during the month ~ 
of July, 1914, was 52,569,637 gallons. With this about 560,000,000 — 
gallons of muddy water was pumped to be used over again. The © 


, 
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total ore treated during the month was 188,400 tons. The water 
used per ton of ore treated was 325.6 gallons of new water and 2,961.8 
gallons of muddy water, a total of 3,287.4 gallons. The water used 
for domestic purposes in the town of Hurley during July amounted 
to 8,768,775 gallons. 

MILLING COSTS. 


The total average cost for all the ore treated in the mill up to 
September, 1914, was 58 cents per dry ton. In 1914, the lowest 
average cost for one month was 47 cents per dry ton, for June; dur- 
ing that month 201,000 dry tons was treated. The highest monthly 
average was 58 cents for the month of September, 1914, with only 
101,300 tons milled. Since the mill opened, the total average cost 
of crushing coarse material (fig. 17) to a maximum size of 14 inches, 
has been 4 cents per dry ton, including supplies, operation repairs, 
remodeling, etc. During September, 1914, in spite of the lessened 
tonnage handled, the crushing of coarse material amounted to only 
1.8 cents per dry ton. The crushing of fine material to a maximum 
‘size of 40 mesh, has cost, on the average, 11 cents per dry ton. For 
September, 1914, it averaged 9.7 cents. The concentration of the 
‘crushed material on the different tables, vanners, jigs, etc., has 
averaged about 13 cents per dry ton. 
_ The total average milling expense, since the mill opened up to 
September, 1914, expressed in cents per dry ton of ore treated, is 
‘the resultant of the following charges: Light and power, 7.9 cents; 
water service, 4.8 cents; laboratory and sampling, 1.3 cents; Hurley 
office expense, 1 cent; engineering and surveying, 0.2 cent; tailings 
expense, ponding tailings, etc., 0.9 cent; mill heating, 0.1 cent; 
warehouse expense, 0.5 cent, making a total direct operating expense 
of 16.7 cents per dry ton of ore treated. A general. mill-expense 
charge of 6 cents, probably covering experimental mill work, etc., 
together with 6 cents for administration and 1.4 cents for mainte- 
nance, raises the cost of mill-operation to 30.1 cents. This, when 
added to the cost of crushing coarse and fine material and concen- 
trating, 4, 11, and 13 cents, respectively, makes the grand total of 
58.1 cents per dry ton treated. 
| When the mill again begins to handle ore up to its full capacity, 
the recent adjustments and improvements made in it should consid- 
erably better these general average costs. 
In connection with the Hurley plant there is a large assay shop 
where about 100 assays per day are made. Experimental work on 
‘the ores is also carried on in a well-equipped laboratory, with the 
object of still further reducing the cost and increasing the efficiency 
of concentration. 
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REPAIR SHOPS AT HURLEY. 


repair shops. The completeness of the latter is indicated by ia 
following list of equipment: y 


Equipment in Chino company shops at Hurley. 
Equipment in mechanical department. 


One Woodward & Powell, jr., patented 42-inch by 42-inch by 12-foot planer. 
One J. G. Blount No. 5 double-head emery grinder. 
One New Haven 50-inch by 24-foot triple-geared, screw-cutting engine lathe. 
One Prentiss 24-inch by 22-foot engine lathe. 
One Davis 12-inch by 8-foot quick-change gear lathe. 
One Steptoe 20-inch back-geared crank shaper complete. . 
One Blount 20-inch wet tool grinder, potable, with 20-inch, by 24 -inch emery 
wheels. 
One Yankee twist-drill grinder. 
One Williams No. 5 12-inch pipe machine. 
One Niles 5-foot semiuniversal radial drill. 
One Hoefer 21-inch vertical drill press. 
One Owen No. 2 milling machine. 
One Acme 2-inch single-end bolt-threading and nut-tapping machine, class A, 7” 
One Cleveland Punch and Shear Co. No. 0 plate-bending rolls. 
One Robertson No. 2 rapid power hack saw. 
One Ryerson 1,200 pound single-frame steam hammer. 
One American 36-inch lathe, with 18-inch bed, double back-geared. 
One American No. 3 high-speed radial drill. 
One Higley No. 12 cold metal saw. ~ 
One Ryerson-type, radial drill, with 8- foot arm. 
One Ryerson & Son Cleveland universal splitting shear. 
One American Tool Works 18-inch, new-pattern, heavy-duty engine lathe. 
One Cleveland Punch & Shear Co., style C, solid-frame single end punch-and~ 
shearing machine. 
One Acme 1-inch single-bolt cutter, class ‘‘A.” 
One Green River No. 55 opening die bolt cutter. 
One Racine high-speed power hack saw, 6-inch capacity. 
One Brown & Sharpe cutter grinding machine No. 2. 
One Lodge & Shipley screw-cutting heavy-duty engine lathe. 
One Racine high-speed draw-cut hack saw, 6-inch capacity. 






Carpenter-shop equipment. 


One power mortising machine. 
One 24-inch single-cylinder planer and matcher. 
One 24-inch hand planer and jointer. 

One 16-inch variety saw. 

One Universal 16-inch woodworker’s saw. 

One single-spindle vertical boring machine. 

One 36-inch band saw. 

One pattern maker’s wood lathe, 24-inch ai. 
One Buffalo knife grinder. 

One Universal No. 8-f trimmer. 

One double emery-wheel stand. 

One 36-inch grindstone with iron frame. 

One 24-inch rip saw. 

One cut-off saw, 36-inch swing. 


| A . } 
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During the month of June, 1914, 33 mechanics and helpers were 
employed i in the mechanical Abpaeanent, and 8 carpenters and help- 
ers in the carpenter shop of the Hurley shops. 

— During the month of June the total cost of repairs at Hurley, 
including labor, supplies, and overhead charges, was 1.96 cents per 
dry ton of ore milled. The cost for September, 1914, was 1.89 
cents, and for April, 1915, 1.32 cents'per dry ton milled. 


GENERAL ENGINEERING DETAILS. 


i Where operations are so extensive as those at Santa Rita, neces- 
sarily a wide range of engineering problems is presented for solution. 
Not only is much field work and mapping necessary, but a great 
deal of yardage measuring and computing must also be done each 
month. Railroad-engineering problems are common, and jobs in 





machine design, architecture, reinforced concrete work, hydraulics, 


etc., make calls on the engineering staff from time to time. This 
‘staff embraces a chief engineer and five to eight assistants. 


MONTHLY ESTIMATES AND STATEMENTS. 


At the end of every month stripped and mined areas are measured, 
and the yards and tonnage are computed. The measurements are 
made by stadia, and the information is plotted on a coordinated 
and contoured working map, which has a scale of 30 feet to the inch. 
The stadia stations are accurately located by transit from triangu- 
lation points. A field party consists of a transitman, a recorder, 
and two rodmen. The field notes are recorded in the ional book 
im the following form: 


Specimen record in transit took. 


Low Line No. 8 Dump. 
Bearay: S. 2.-: TAD SILT vu 0, ee te mn ReCOrtertrs f. 7 0s... , Rodman (top). 
7, SPYDER SER SD Lee Sie ia ek Maa , Rodman (bottom). 


[Field page.] . [Office page.] 





Bt atHon.d B.8.b Horizon-| Stadia | Vertical 











High or || Horizon-| Vertical | pioya, 
talangle.¢/distance.¢} angle.e ad pected Soibteae BM We Tetr i 
oe: aie sights.f || tance.g | tanceg | © 
AN: 
(2 (H.T. 4.9); elevation.|......-. 352°00’ 408) ete 3226s see seen. | 408 +24.5 | 6370.4 
| 12 LE ests dg pa em Pa eae a 355 °15/ 388 +440" +2ft.(B.L.) 386 +32.1 ! 6376.0 
ease ee 358°15’ 370 re Sia ee rae Ae a 370 +24.0} 6369.9 
a Transit station. e Read to nearest minute. 
> Backsight (on triangulation station N). f High or low sights read (called ‘boot leg ’’). 
¢ Read to nearest 15 minutes. g Actual, obtained from stadia reduction tables. 
@ Stadia distance read to the nearest foot. h True elevation of ground calculated, 
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When information similar to that contained in the specimen state- 
ment is put on the map, a color distinctive from that used the previous 
month is employed. Sections across the entire cut or dump are 
taken every 25 feet and are plotted as shown in figures 19 and 20. 


SeC. 
90 


89 


8&8 





&6 





FIGURE 19.—Plan map of excavation and of filling during one month. The dotted lines a to e are each | | 
drawn through points having approximately the same elevation, on surface of previous month’s exca- 
vation; solid lines 1 to 4 show points having same elevation on present surface. Elevation is indicated 
in feet. The figures 85 to 90 refer to sections on plotting map; 4S, 132, refer to coordinates of drill 
holes shown on engineer’s records of yardage of excavation. oo 

RP 

The surface as measured the previous month is shown on the cross 

section (fig. 20) by dotted lines, and the more recent surface is shown 


by solid lines. A plan map of excavation and filling for one month 


ie ae ree : 
oe ee 
oe a Lea ae 


f 


es 





SECTION A-B : 







FIGURE 20.—Plotted cross section of month’s excavation. Area represented is that of a vertical cross see 
tion through A B, in figure 19. The dotted line represents surface as measured in previous month. 


is shown in figure 19, which represents an area of which figure 20 © 
shows a cross section. 

The end areas are scaled directly off the cross sections, and the — 
average of the two end areas, multiplied by the distance between the — 
cross sections, gives the cubical contents of each excavated block, 
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The plotting and computations are checked, and then the results are 
entered in the “Steam-Shovel Computation Book”’ in the following 


manner: 
, Specimen entries in “‘Steam-shovel Computation Book.’’ 

















Total cut.a Ore estimate. 
Section No. a 
verage 
Area. Volume. Area. oid teat Volume. 
Cede, 15 feet) } Sq.ft. U. ft. Sq.ft. Sq.ft. Cu. ft. 
er Seri (Noted (No ted 14 a 105 
\ ifany.) | ifany.) 
See ae ee Mates ey AE (A inal SO eon ep Aaa Cae 14 
Le bare aap AN veces PB A ha aN 56 
70 30 875 
GLEE ema eee Se ah ee eae Sets 56 
i OS oe eee a te tie sc Sie tT eae ae ee 174 
} 
| 230 115 2,875 
1) On ice ee eee ik OE eH ee a ek Ae ae 174 
| O22) Wc ae SUee ees Soe hs 284 
) 458 229 | 5,725 


a4 Stripping and mining. 


























ground excavated during the preceding month between cross sec- 
tions 96 and 95. Under ‘Total cut’’ is shown the total excavation of 
waste and ore; under “ Area’? the areas of the cross sections in square 
feet are given, cross section 95 had an area of 14 square feet, and 
‘cross section 94 one of 56 square feet. The average area of the two 
sections, 35 square feet, is given under the column designated ‘‘ Aver- 
age end area.”’ Multiplying this by 25 feet, the distance between the 
two cross sections, gives 875 cubic feet, the volume of the prism be- 
tween sections 94 and 95, removed during the month. In like manner 
the cubical contents of all the other prisms are calculated. In the 
calculations 13 cubic feet of rock in place, and 21 cubic feet of broken 
rock, are used as the equivalent of a ton of 2,000 pounds. Addi- 
tions to and subtractions from ore and waste dumps are calculated 
in the same manner. 

_ The records of excavation for each bench are reported separately, 
as are the records of the excavation work of each steam shovel. Ifa 
shovel excavates from two or more benches during the month, the 
proportion moved from each is determined from the bench and the 
shovel records, and the proper apportionment made. The assay 
records and the number of cars sent to the crusher, direct to the mill, 
or direct to the smelter, determine the amount of the material classed 
as ore. ‘The number of cars sent to the waste dumps determines the 
amount of the material excavated classed as waste. Of course, 
these data are checked against the engineers’ estimates of solid cubic 
yards moved, etc. 


Under the column headed “Section No.” is recorded the wedge of 
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A monthly comparative statement of the work done by each 
shovel is compiled foreach month. This table also shows the number 
of cars of material loaded by each steam shovel and the capacity of 
each car. Records are kept by each steam-shovel foreman of the 
number and capacity of cars loaded and whether they contain ore or — 
waste. The table following shows the results of steam-shovel — 
operations during July, 1914: P 


Results of steam-shovel operations at Santa Rita during July, 1914. 











Solid cubic} sof ran aii Average — 
Si ohi shovel Nol yards of ons of ore| nandled hifts solid yards 
sa \ handled. | .ojiq eubic| Worked.¢ : per 7 S| 
; yards.a (two shift * 
ae byt 200) tS Ta 14, 222 40, 415 33, 681 50.5 1, 334 
Se oa Gera ITS PRES tgek SE SSE 3 Lage Maes 2D fig Loria maton teas eras 57, 437 56. 2 2, 485 
Boece ect iceeeeces 44,243 | 26, 665 Bt 082 56. 0 2, 482 
Wisisdulgtles ay nell. k.3 wt Mee RAS Saba a ele Tae eae AGONS cone cin wate es 469 9 F 
ray RCN nM MERE RL EES ore Fy 57,648 |- 2, 451 58, 828 49.7 2) 367 
Bee eo Le 2 at ae es 28, 953 8, 909 33, 242 45.5 1) 461 
TES PRI COS eo. ARE BUR a al 20,590} . 38,305 39, 033 56.8 1; 668 
Ssh e oy cbc obs CoN Sia 47, 356 1, 466 48, 062 51.6 1, 863 
bY las Rae ea ee NARMS MI em eh ues al ak SRM wg 20 11, 691 108, 010 63, 696 57.1 2, 231 
LOW Sees SAAT GS ect I SBE Dea ee RN Re tata Las 439 OEE Oe pee 4, 862 2,341 Li 2 418 
Totalait) 0. tars ese gee Sete ree 356,609 | 231,083 | 467,871 488. 5 1, 916. 








a Compiled from engineers’ cross-section estimates. 
b Taken from mill returns. 
¢ From steam-shovel foreman’s report. 

A table showing the broken-rock yardage capacity of all the differ- 
ent ore cars used is a convenience in making estimates. It shows, ~ 
for instance, that a car having a capacity of 100,000 pounds can 
carry 38 ae yards; a car having a capacity of 80,000 pounds is 
loaded with 30 cubic yards; a car having a capacity of 60,000 pounds — 
carries 23 cubic yards; and a car of 55,000-pound capacity contains 
21 cubic yards of broken rock. For convenience of calculation this — 
table is extended so that one can see at a glance that a train of, say, 
50 cars of 100,000-pound capacity can carry 1,900 cubic yards of ore. ~ 

The engineering department also posts a special form that serves — 
as a daily indicator of steam-shovel operations for the information 
of the manager and superintendents. A specimen form follows: 


Specimen report of day’s steam-shovel operations, for information of mine manager and 
superintendent. 





Shift Accumu- Total Accumu- Compari- 


Accumu- 


<i lative lative ; son with 
Date. nica. car yards oP yee car yards Weep ahey: previous Remarks. 
= per shift.@ per day.@ month.¢ 
Sherk DEA ee 480 | 480 480 622 2142 | Shovel No. — shut 
Ota. TD pe Bees ran 2 ee 1, 056 576 1, 056 622 + 434 down for repairs. 








@ From individual shovel records. 

> From previous month’s record. 

¢ Shows gain or loss as indicated by difference between figures in two preceding columns. z indicates 
car-yard shortage, as compared with the previous month; + indicates car-yard increase. 


Pei, ; 
4 GENERAL ENGINEERING DETAILS. 91 


The engineering computations in the office are greatly facilitated 
by detailed and comprehensive tables and diagrams, prepared for 
reducing the stadia observations, giving elevations, horizontal dis- 
tances, etc. 

Ona plain coordinated wooden surface, about 44 by 64 feet, the 

drill holes are accurately located, and each is shown as a $-inch | 
hole bored into the wood. In chee holes 4-inch round sticks are 
-placed. The height of the stick above He. surface represents the 
depth of the hole. On each stick, the ore body or bodies that the 
hole cuts are painted, according to scale, showing the proper thick- 
ness and spacing. This gave a fairly good chart, or model, of the 
ore bodies, showing their depth, thickness, etc. However, this chart 
proved much less useful than the cross sections of the ore bodies 
prepared from the drill-hole data. 


MONTHLY, QUARTERLY, AND ANNUAL STATEMENTS BY 
ENGINEERING DEPARTMENT. 


Monthly, quarterly, and annual statements and tables are com- 
piled by the engineering department to give the following informa- 
tion: The amount of ore excavated, milled, and smelted; the total 
waste excavated and hauled to the dumps; the yardage of ore and 
waste taken from each bench; the costs of the various operations; 
the amount of ore remaining; its content of copper and value under 
given conditions, and other such data. In order to illustrate the 
manner in which these data are tabulated the following self-explana- 
tory forms are given: 


ORE AND STRIPPING. 
Steam-shovel minine os 52: 2s ie2 P2552 ore body. 


AN TA PEUTDA UN HIVE HN sata cor en sci ware arc eels ote 


Solid peas Cubic | Percent 
k, 
eat: eres dumps, eG yards of | of copper | Tons of pleased Pounds 
yards cone yards, strip- | in strip- ore. in ore. | 0fCopper- 
in place. ip place ping. ping. 
Remarks: 


[This form is amplified to contain accumulative records of totals to date from Jan. 1.) 


Pe 


43503°—Bull. 107—16——7 


ae 
— 
—_** 
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STEAM-SHOVEL OPERATION. 


SANTA (RITAZN. MEX.) 2 Poe = 









HODg oe tack sees quarter, 19...- 
Cubic Average — 
Yards - 
yards of |Tonsofore| . Shifts solid yards 
Steam shovel No. waste handled. fea worked. | peraay 
handled. _|(ewoshifts), eA 





Remarks: 
TOTAL STEAM-SHOVEL WORK 
SANTA RITAD Ns MEX.5 0. ¢- coset eee eee 
Wor month’ or teetecc- eh. cece 
Earth 
Solid 
d Cubic | Per cent 4 
tock, | aims, | Total Per cent 
F : yards of |of copper| Tons of Pounds 
Ore body. | oar bie ies strip- | in strip- ore. ol cones of copper. 
in place. | ;.° nts ping. ping. : 
Remarks: ; 


[This form is amplified to contain accumulative records of totals to date from Jan.1. A form with sim- 
flar headings is used for quarterly reports.] 4 


ee ee er 


WASTE DUMPS. 
SANTA Riva, N. MEX., ...2-22-22.... eee 


Hommonti’ Ogee eee eee 


Cubic 
: Per | Pounds Tons 
Cubic yards |= 
Dump. Tons. | cent of of Cars. per 4 
yards. copper.| copper. car. aS Cubic | mons. ee Pou 


yards. 


en ee ee ee 


Remarks: 


i i i ee i i 
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 . ; ORE PILE. 
; BANTACRIPAD NS MEX. foes uae 
MOM IUOML DO lem = sess es 
. Per | Pounds Tons 
Pile. pe Tons. | cent of| of Cars. | per 
y ; copper.| copper. car. 
Remarks: 
MILL SHIPMENTS. 
SANTAY RITALIN MEX osu esses HEN Se 
WOT Mouth Olas asses eco es ee 
Totals to date from January 1. 
Ship- Per Per 
: Dry Pounds Tons 
aa Shh ue Roe pets s of | Cars.| per | Ship- ra Dry | Per | Pounds 
; tons: |. ture. | *°8*:'4) copper. “OPPet: car: | biobt.| mois, |Weight,| cent of| of 
ee tara: tons. | copper.| copper 
Remarks: » 
SMELTER SHIPMENTS. 
SANTAGR PPACEN: MEXa ss cent ect enee sues 
Hornmonth Ole ees anaemia ne 
| Totals to date from January 1. } 
Ship- Per 
F Pounds Tons 
Ore ping | cent of TY. | cent of ‘ : 
from— | weight,} mois- diet of ae ee Cars. Mae pee eee Dry Per | Pounds 
tons ure S- | copper.| COPPE- es weight,| cent of| of 


Weight,} mois- 
tons. Pitre tons. | copper.| copper 


| 
; | 
Remarks: ; 
\ 
i w 
ae: ; ' 
a 4 2 7; : 
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ORE AND WASTE DUMPS. 
MILL SHIPMENTS. 





SANTA Riva, "N. MExX., J .00foi72 26. ee a 
NG) aie speach ee So quarter, 19... 
Ore dumps. Waste dumps. 
: Per : Per | 
Cubic Pounds of Cubic 
; D ; Tons. f} Pounds of r. = 
Dump. | yards. | Tons peer copper. UMP vardd. dato, ae Vogel ede = 
SMELTER SHIPMENTS. | 
ets Per cent Dry = 
Ore Shipping : Per cent Pounds of 
from— | weight, tons. |, seed hoes ofcopper.| copper. Cars. Tons per car. — 
in) Na ie i er ea bcc aut san Bi IEA |e ier Sd (Raa ee ak eS 
Remarks: 4 


HEALTH AND SANITARY MEASURES. 
HOSPITAL AT SANTA RITA. 


When the new company acquired the Santa Rita property and 
began operations on an extensive scale, a suitable hospital for ther 
employees seemed highly desirable. Consequently, a well-ventilated 
one-story frame structure with wide open porches was built and 
adequately equipped. The hospital has been in existence four years, 
and in that time with a staff of two doctors and four nurses, it has_ 
successfully treated 1,314 cases. It is maintained by fees of $1.50_ 
per month from all single employees and $1.75 from all married 
employees. The fees entitle the employees and their dependents to 
hospital services, medicine, and treatment during illness. Separate 
charges are made, however, for childbirth cases and also for cases of 
illness resulting from drunkenness or fighting, and for treatment of 
venereal diseases. Patients not entitled to free treatment give $2 
a day in addition to nominal charges for surgical operations. | 

The following data regarding cases treated during the two years 
ended February 15, 1913, show how useful and successful the hog 
pital has been: 


‘ 


: 
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Data regarding cases treated in company hospital during two years ended Feb. 15, 1918. 


PASOS TOS pata! er oot ee ae Dey Le RET I AT bi .. 665 
| leet Lee ere hr Mee aoe w IN Zum emi PIN RO be 21 
" Drsetal OCTAGON E ce ee eee arab deer an te ae on a Na 106 
Deo GHnAL Opera One Mash WU ema SMO Me a ilgin aed LL 32 
Brectiis TOLOWING DPErALlONSr s.r g. s/he Pa elt llna ale segues fy wits a2 
PINUS UIOTE tS CaES Urea ae Ge AN poh nema Re ae er ok yl Ue 34 
pea CUS POT ADH IIUOUIAT gue Aer rns prea. Jee, IMs ow Sy 5 
ENOOLOGTIG CAspiay ines NUE lr tae aus ney gem oe Terene ee a gO Og 157 
POBLUATrONMACGIOEN Ge teri da oar eth IE eae is hel Sia! Fa wrcie eg 2 
HOM Gases satan Men ate Se ancy iar ir aa MEL Pa Det NE ike gt 37 
Deathsirom typhoid.ve. 4-2 ie ge se oy yt Ae IER A Peek 
Ginetetricen casGer eink ap wet eave Nae germ svi ase 2 Matos or 35 
Deaths irom obstetrical, Cases). see Se te sae lee eS te Yeas eee coe 0 


SLTPMEYCULIOSIA es gta lato 8 See Bhs ae reer a ts Pee Aan Oe i et 2 
Creanic heart Gisease. fonts Mone colon a We. ORS Mi NT. 4 1 
HERTS Viva Loy a fe Wait ena Sort LE ots haem iS SS MEM hea Diag ns Aa kN lar Rae 5 
SPALICET Oe a Mae Fo tele gr ete ts iy evs Mehl ts) okey eee A) Ma oy whine yin Luo) 4 Bay 1 
PPTVECLOCOMILIS Uh et epee Met Salk eT ae Rr mame ss Ae SBN A ie 2 
POO RYT Tracts ene ety tee San REG Ge, CUTAR CEN ARR MO TEE LAIN Yee ne is 
MOUOWINE AN NITION. ioe, k ee RO So eet Gh nau satay 2 
PE GUINGT Cis ere mae ec ie Par eee Thoma Bao MR eee 1 
BEI LOLU oe Wee rss ge ee She t eet hee ERE tr eae Cy ga TOL ime S gtht 1 
CPTOOTEMEMOLNAGOL = asi e 5a Venta be wee ge cote itl had (eet a 2 
CORI a HVUOT EELS renner et ae CUM ERP ee MTC A allel YOY 2 Ge SEK oe t 
ROEMLODT LIN onan eee. Can ena ccc Ce eee ot po oe BES 1 
rehigg) ab TY i {hay Bd) Bi eals 1 ReCd AAG RT eS 2 ng iain Ne a ier GO 1 

POA Ue a crate Meee OO Ne ere ik et ee Mel hal ts ehh uo 621 


ACCIDENT REPORTS. 






When an accident occurs to an employee his foreman at once issues 
a report on the following form to the general office: 


NOTICE OF AN ACCIDENT TO AN EMPLOYEE. 


Injured person: 


Age....--+---+-+-- Pamily page rds states Weekly wages, $......-...--- 


@ One was advanced appendicitis and one was gunshot wound of stomach, liver, and intestines. 
b Of ees 7 did not live 2 hours after admission to hospital. 
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The injury: 
Nature and extent." 2% | 2 Sheet one ee ea ere ee sedis chs aa. en 
Was surgical aid rendered?.......... By whom?: 20.2003 ses. 2). ae 
Taken home or to hospital?.......... Probable length of disability. ........ 
Has injured ‘returned to work?.> 3523.0. Ce ge ee eee ere re 
The machine or appliance causing the accident: : 
What was Tete ie io PS a eels oral eres de ee 
State, CONLIN Ss <tuc.e ML aan. epee When last inspected?..........-----.. 


a a) 


Statement of injured. .0. [sah aee ee is Se ee eee 
Name and address of foreman in charge of work. .........--..-..-...------0. 
Names and addresses of witnesses? .-- ..-.-------2--.--tecee cess sopene eee 


DESCRIPTION OF THE ACCIDENT. 


(If necessary, to show cause of accident, draw rough sketch on back hereof.) 


[Space for description. ] 


This notice made out by: Sep eee eae bonlple Sy pate ala 5 Oo Oe eae ele nan ee 
(State occupation. ) 


When the injured person has recovered, the following form certificate 
is executed: ote 
Form for certificate of injury. 
Claim No,’ ....2... 05 
LiaBitiry DEPARTMENT. 


SURGEON’S REPORT AND CERTIFICATE OF CLAIM. 


si Name ohanjurede:te ue Sree eae Qecupation.2*.. 72-4 ae ee am 

.. When first.seen after accident.t. 2. 2 bcc ceo oe ets a Oe ee ee 

. Precise nature, location, extent of injuries and how received..................-.. 

. Were such injuries the direct result of said accident...........-..-...---.--..---- 

. Lattended claimant from .......... GO asthe aan , 19...., during which time the 
injuries above described constituted the sole and only cause of disablement; and 
I certify that he was totally incapable of following his usual occupation, because 
of such injuries, from the ........-. day ol hee , 19...., to and including 
HA Wer yer ie CPA AOL ie ita ce of 19 eres 


ed 


Surgeon. 
CERTIFICATE OF EMPLOYER, SUPERINTENDENT, OR TIMEKEEPER. 


or WN FE 


Thists to certitysthatra worse. corres oer herein referred to, is insured under 
MOUCY ule wie eee and was in my employment at a remuneration of ............ per 
hour; that he was injured at the time and in the manner stated and, in consequence 
thereof, sustained continuous and total loss of time for the period of .......... hours, 
amounting to $........... 

Datei de te cee woes 


eeeecewecwenweeeseseeeseseeeeeeeeeee eee ese ee gees 


(Position. ) 
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RELEASE. 


AA TA, Malet er nie eS an ANE RGU OL ce err aoa ter a A tan Pe eC ents 
($ ) dollars, in full satisfaction and discharge of any and all claims 


Muetavo or may have: against: daid. 0. foie te ee because of a 


certain injury or injuries resulting from an accident sustained by me on or about 
oo) oe ARGS ae os peer haere AEG) Ra Se pa cc io , 19...., while in the 
Berea OL Le sds Pets R ie Ae ts aL , and further for any benefits that 
may be accrued to me by reason of said accident. 


TCP MET re NT Aenea, ber ws Mala Y atari Dale ie wees 


ee er 


The number and the nature of accidents at the Santa Rita mine 
and at the Hurley plant for the years 1912 and 1913 are given in the 
following table: 


Data regarding accidents at Santa Rita mine and Hurley plant, 1912, 1913. 





Average 
Seriousl Slight] Pearl 
4 eriously ightly of em- 

Year. Killed. | Per cent. injured. Per cent. injured. Per cent. ployees 

¥ per day 

worked. 
Santa Rita mine......} 1912 3 0. 05 20 0.30 117 1.75 553 
1913 12 hl 25 24 234 2.21 880 
Hurley mill.......... 1912 3 - 036 15 . 20 123 1.50 697 
1913 1 01 5 05 104 1.09 797 


SANITARY EQUIPMENT. 


A large number of the new company’s houses are provided with 
modern plumbing. The sewage from these houses is discharged 
into cesspools. The smaller houses of the laborers are on large 
sloping lots and the waste water from the kitchens, baths, etc., is 
run out into the sand and gravel of the sloping surface and absorbed. | 
Privies for these houses are placed at the rear of spacious lots, usually 
100 feet away from the house. They are fitted with metal recepta- 
cles, which are removed periodically, and the contents thrown on 
the waste dumps and covered by carloads of waste. As a part of 
his general duties, the company’s peace officer under the supervision 
of the chief physician maintains a vigilant watch over the sanitary 
condition of the camp. 


RESCUE AND FIRST-AID WORK. 


The Santa Rita main office has provided a suitable locker section 
in which three Draeger apparatus are stored. The equipment also 
includes duplicate oxygen bottles with water gage and liter bag. 
Hand flash lights are used exclusively. 
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Five employees of the company have been trained by Bureau of 
Mines field men, and received the bureau’s certificates during the 
early spring of 1914; these five men have had periodic practice drills. 
It is the intention to train at least 10 more men in the use of the 
breathing apparatus. | 

The headquarters of the camp physician and his assistant is the 
company hospital, and on account of its close proximity to the mining 
operations no first-aid teams have been organized. The physician 
delivers periodic lectures on sanitation and elementary first-aid 
methods. : 

RECREATION. 


The company officials encourage and contribute to the support of 
suitable forms of amusement for the employees and their families. 
Baseball and basketball teams are organized and participate in 
games arranged with similar teams from Hurley and Silver City. 
A rifle team enjoys the privileges of such teams as come up to the 
standards in the United States Army Regulations, obtaining healthful 
and instructive diversion. Two or three annual picnics give delightful 
outings to the men, women, and children of the camp. 


TIME KEEPING, ACCOUNTING, AND WAREHOUSE METHODS. 


A good working organization is one of the fundamentals of success: 


in any business. <A few years ago this factor was largely ignored by 
mining companies, but to-day it finds place in most of those that are 
successful. It, therefore, seems well worth while to call attention, in 
a general way, to the efficient system of time keeping, accounting, and 
warehouse methods in use at Santa Rita. 


TIME KEEPING. 


When skilled laborers are employed by the company, they are 
asked to fill out Form 10 so that some idea may be had of their 
. responsibility -and past achievements. From an unskilled laborer, 
no references are required other than a statement as to his last. em- 


ployment. Each foreman, on hiring any one, turns into the office a 


slip (Form 11). If the person employed is a skilled laborer, this 
form is yellow in color, and has the notice: ‘‘Bearer to furnish 
references.’ Each employee is given a number and is furnished with 
a cardboard check, 14 by 2 inches, bearing that number. 


bate 
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4 Form 10.—Form filled in by applicant for position as skilled laborer .a 
i APPLICATION. 
d DAME Rn reaming asa eh a, Dell, cei 191 


" Co., 
Bonita Rita, New Mexico. 
i GENTLEMEN: I hereby make application for work as.........:...........-....-- 


a POLO VOTLY GOMmCE BN veces eles ahah MDS aA ULAR ay) sug eal aS pate ad for my previous 
(Give name of company and foreman, also address.) 

Record, and il hereby authorize and request! ij.) 0600 fuel hee. to furnish same, 

‘including the cause of leaving .......:.. service, if known. And I hereby release 

pT eR ELST g 2.218 SSA SORE RS ROR Ae Smee CR AE Ee Bn a from all liability for any 

‘damage whatsoever on account of furnishing such record. 

| OM TRRETS SSR YS Sa cle Lari Sod 9 ey aera er Age 

' as | 

t mv LAT DUE GALL Pecne Nigh ato prs cadioddis a! S scataraiey ie alse lee ss Be was employed 

by Enerundersiened: ado. 5. oly eel es 8 PROT Ree est er eee vein ts Ore eae 

De eee ses trel VY WE Ae LEE Bi 

Cause TELECOM ow ss RN iy Gene sl EA Ae a ge A bo MEHE SE iT nd PRD Tel On ARM tele 





‘Ability Aids ters sect ee eet caso EE BAP eB on iy) age At i ACRE Oe: SNR PUD OMEN 2 Pa LO 
Habits EN ge ee fot t  eS N Lime URINE Ro Mm icetn gabe ctl ae Nena Ly 


















OS) Se ae eae Tare MN UE Sar Maas uctais 2 A ea ge ere 


Piety LE AO OR BS ag Fee ape Roa, Ae 191. 
TO TIMEKEEPER: 
RTA VG SET LMC Lie ean, MeL eau ele Maton le, eA EY gute Chay ee 
ATED don ios Cer zpRk SINE Se Ae A Rin Ee AT Sea Die ere ARCs to date 
per day 
Foreman. 


_ At the time office, which is conveniently situated, each employee, 
except the office force, the locomotive engineers, the firemen, and the 
steam-shovel crews, teat in at the beginning of every shite, by call- 
ing out his number to the clerk at the window of the time tes The 
clerk puts opposite each man’s number a horizontal black mark if the 
Man is on the day shift and a red if on the night shift. The numbers 
fare arranged on a daily pay-roll balance sheet, a section of which is 
shown as Form 12. The next check on the working time of the em- 
ployees is that obtained by the time inspector, who goes around 
checking up the men found on the work. Forms 13a, 13), and 13c 
indicate the character of the records kept in the time inspector’s note 
book. These are left at the ERS SSS s office to be checked with a 
perpendicular mark against each man’s number on the daily pay-roll 
balance sheet. After the morning horizontal mark and the time 
mMmspector’s perpendicular mark, each workman checked in has, a 
plus (+) sign after his name on ee sheet. 





| a Size of form used by operating company, 8} by 11 inches. b Size of original form 34 by 44 inches. 
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Form 12.—Register kept at time office.2 


DAILY PAY-ROLL BALANCE SHEET. 


[Check men on shift with horizontallinein check column. Use black ink for day shift and red ink for night 
shift. Cross check from timekeeper’s taken on the works. Enter hours and amount from work slip 
turned in at the end of each shift.] 








O Check. | Hours. Amount. 1 Check. | Hours. Amount. 


SCOMNIAOAPwh eH 


—_ 


a Form used by operating company, 194 inches high by 364 inches wide. Provision made for 1,500 names) 
on a sheet, 100 names in a column. Horizontal blue lines separate each number, every tenth numbel) 
being followed by a purple line. : 

Form 13a.—Form used by time inspector for recording ‘‘time’’ of miscellaneous employees.¢ 


MISCELLANEOUS LABOR. 


Mion | No. Hrs. Remarks. 








Car trimmers 
Switch tenders 
Switch tenders 
Flagman 


Water boys 


@ Size of original form, 44 inches wide by 7} inches high, with three punch holes on left margin for binding, 





Form 13b.—Form used by time inspector for recording ‘‘time’’ of steam-shovel crews. 


SHOVEL NO. ........ Ore.........- FTE 2 (Po eae ee Pes Cy 





Day 
Night No. Hrs. No. Hrs. 


Engineer 


Fireman 





Craneman 
Coalman 
Pitmen 


Dumpmen 4 | 








@ Size oforiginal form, 44 inches wide by 7{ inches high, with three punch holes on left margin for binding. 


4 


a ee 





. . hy p 
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Form 13c.—Form used by time inspector for recording ‘‘time’’ of locomotive crews.@ 


- ACCOUNT: 


No Hrs. No Hrs 
Foreman E 
' Eng. No b iE 
B 
E 
Eng. No. iE 
B 


| 
| @ Size oforiginal form, 44 inches wide by 7} inches high, with three punch holes on left margin for binding. 
| Original form provides for record of 11 engines instead of 2, as Shown. 
ee > HK, engineer; F, fireman; B, brakeman. 
| For the men engaged on special jobs that are to be charged to cer- 
| tain accounts, and also as an additional check on working time, 
Form 14 is used.. This form is issued in different colors for the differ- 
ent occupations, and the occupation and the rate of pay of the 
employee are entered on each. For special jobs by skilled laborers, 
chargeable to certain accounts, Form 15 is used. If a special gang 
__ is engaged on work chargeable to different accounts, the distribution 
of the charge against each account is entered on Form 16. 

All these forms, by keeping track of the proper distribution of 
_ charges, greatly facilitate bookkeeping. Each man’s time record is 
_ kept in a large loose-leaf book composed of pages similar to that 
indicated by Form 17. At the end of the month this is turned in to 
the main office. 
| When an employee is discharged or quits the company’s service, he 
is given a slip (Form 18) by his foreman. On the back of this his 
' store, board, and rent bills are accounted for, or marked ‘‘none.” 
i Lhe indorsements are made in ink and are stevie by the officers 
4 responsible for them. The timekeeper then fills out Form 19, puts 
_ it in a sealed envelope, and hands it to the employee, who takes it to 
the cashier and receives his pay. 
In common with most large employers, the mining company keeps 
personal record cards for each employee; the scope of these is shown 
by Form 20. 


_— 





Vas 


Form M4. —Form used in recording “time” of men employed on spectal jobs, ea expense 


of which is to be charged to certain accounts .@ 


Occupation 


ee er 


Hrs. 


GRATIS: FOU Le LORE CoH UL ee ae ee 
a 


Form 15.—Form used in connection with special jobs by skilled laborers, chargeable to 


certain accounts .0 


CARPENTERS. 
Santa Rrra Mine, 
Date, oo Sele be ae eee LES) hea 
Names oheit es tigtts ari ate sr enee Neate) Seeneee Check No. ee ee 
Give full description of work done. Hours. | Rate. Amount. ( 
Total 

Examined and approved: f 

Foreman. 





“isd ho ‘ 
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eee ee ee we we ee ete ee te ee 








a Size of original form, 3 by 5 inches. 


b Size of original form, 43 inches high by 7 inches long, on heavy flexible stock. 


ay 
+ 


| 


8] |e 
ARE 


|| 
[| 


be aes 
[1S 


_ 
os 


or 
= 
dich 


OURS WORKED 
=| [=] | 
Bl [BI | 


RE H 
le] {s] | 
©] [81 


is [26 


‘cies sae 
st “ 


ia 


tae pa SE 


eae as 


4 










Pet a 
EES 


gl 


2: 








peat HN Ur sok eins, ARN Nala ot i a Bad 7) mea 


$ agate iene ‘ iy \ | ae 
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Fe rat 16. Seo: used in connection with work done by a special gang and chargeable 
* against each of oad accounts , @ 


4 
Py 


SANTA Rita Mine, 





























ae a ed cue eo inaee ak Ne Dag een, ee 5 Ee 
j Occupation. Number. |} Hours. Rate. Amount. 
pe atee to: 
es cnined and approved 
Foreman. 


Form 17.—Form used in time office for keeping each man’s time for a month.», 
TIME RECORD. 





BER, 1k Pie or I kis tears DORA CLE 20) Sa ata, wea aan a 

Occupation 1 Sie os 29 30 | 31 Total Rate Amount 

i time. : i 

A 8 

Remarks. Total. 
«a { Doctors and hospital $ 
iS. Insurance $ 
| Store $ 
5} Board $ 
5 | Rent $ 
A $ 


Check No. ) Bal. due 








/ 


Form 18.—Slip given by foreman to employee who is discharged or quits. ¢ 


7 \ . SANT AMI EDA INO OME Mg est bos Nein aled Ace eyed 
TIMEKEEPER: . 
BE Ma cater tie od Aire ee Mier m Ay you REAR ORNL reed ak Pere eye 
NO. -..--.-. ) his time for services to date. 
Quit Mark 


with 
an X. 


Discharged 
No work 









SIOTIOU ST UMEREBL esa Mya ck a tia Sous Ae ae mtn 
IMPORTANT. 


Get this cleared at Santa Rita store, Santa Rita boarding house, and bunk house, 
then present at the office for payment between the hours of 1 P. m. and 3 p. m. daily 


e Bert Sunday. ben 
(Over. 


_ @Size of original form, 4 inches wide by 7 inches long, on heavy flexible stock. 

5 Original form is 12} inches high by 144 inches long. Space for five names instead of one is provided, 
and columns for each day of the month. Each sheet is kept in time office until the end of the month, when 
itis turned in to the main office for balancing and checking. 

id ¢ Size of original oan 3 by 5 inches. 
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[On reverse side.] 


Amount. Signed. 


Nl 
Store 

Board 

Rent 


| 
| 





Noticre.—The above must be filled in with ink; if there is no amount write ‘‘ None” and sign name, 


Form 19.—Slip handed by timekeeper to employee who leaves during month. 


Santa Rira MINE, 


RON aa eee fi Shiftsy @ $o.is.es. lane fe eee edie wees See tee be mie = oe cle Seca wane oie acre ne = eee | 

SN te SHIltS, | @ Sorrel sls. wee cece POSS ee NR Ae Ae Fe Leaf oer ne ae ne 
ASA eer a Shifts, iGo esi 2 ee ewe Cee hee ee ala a cee te each Pete a eas Mi aN ne sR 
ate Slay Shifts, @iGi oi F250 25 5 ee cleo Ho ee Be sierstasic eis eae ole ae taste tc ete ests me ee 


Motal-amount earned sso. bts. se a ee ee a eee Ra EE NOS on) a) I A CEE es Ol a 


Doctoriand hospital eee) Aes ee eer Se ae eee Eee en ee Sere seen BRS ER, 4s Mec 
TMSUPAN CE ies oi se ie Ree Lae Re SR ae Se PO 2s IE a A NS Bt a et a 





Form 20.—Personal record card.6 





Name Date employed No. 
Address Boards 

Dependents 

Age Weight Height Eyes Hair M. or 8. 
Nationality . Engaged by | 
Last employer | 
Education . 











Left employ—Date Reason: 


a Size of original form, 53 by 6 inches. 
+ Original card, ruled cardboard, 6 inches wide by 4 inches high. 
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a4 ; ACCOUNTING. 


rh 
> 


When the labor-distribution cards (Form 15) have been signed 
and punched by the foreman and handed in to the main office they 
are entered on loose sheets similar to Form 21, which are kept in 
binders, forming large loose-leaf books. The labor data are all 
grouped, so that one or more of these sheets is used for firemen 
of all kinds, one or more for engineers, one or more for drillers, 
and so on. Each fireman, engineer, driller, etc., is charged against 
the particular locomotive or steam shovel fired by him for each day 
of his service during the month. These forms thus filled out present 
‘a complete daily record of labor charges classified and distributed 
against certain accounts. When this daily record has been summed 
|up at the end of the month, the totals from it are entered on the 
‘Santa Rita labor-distribution sheets, the character of which is indi- 
‘eated in Form 22, This shows the total labor charges for the month 
‘properly distributed and arranged. One or more of these sheets is 
used for accounts that may be grouped under the general term, 
“Operation.” In this group the columns are headed: Steam shovel 
‘1, etc.; locomotives 1, etc.; drill 1, etc., and dump cars. The next 
‘group of headings on these sheets cover the following accounts: 
| Rents and repairs, light service, automobile expense, prospect-drill 
‘expense, hospital fund, special water investigation. These are gen- 
‘eral ledger accounts and are carried in the general office at Hurley. 


Form 21.—Form used in recording data on labor-distribution cards.4 





| oh Se LOL es OCOUTE Sectdy Nori bitte Seyi 








ia Date. Shifts. |Amount.] Shifts. |Amount.] Total 


i} \ 
epee est i cS eG pan 


SRS amis 





Total 








| 280 Original form 11 inches high by 26 inches wide, with wide margin on left for binding; 20 instead of 2 of 
the “Shifts-A mount” columns appear on the original, and space is provided for 31 days of the month. 
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e | 






Form 22.—Form used in recording total labor charges for each month, showing dis 
tribution .4 . | 


SANTA RITA LABOR DISTRIBUTION. 
pneet Noose e sen: F 1912) 


Occupation. 


Assayers and samplers 
Boilermakers and helpers 
Brakemen 

Blacksmiths and helpers 
Blasters 

Compressormen 
Chauffeur 

Car repairers 

Central 

10 Carpenters and helpers 
11 Cranemen 

12 Drill foreman 

13 Drillers 

14 Drill helpers 

15 Drilllaborers 


; | 
16 Drill mechanics 
17 Dumpmen 
18 Engineers and surveyors 
/ 


COON OS wh = 


19 Electricians 

20 Engineers, locomotive 
21 Engineers, steam shovel 
22 Engineers, stationary 
23 Firemen, locomotive 

24 Firemen, steam shovel 
25 Firemen, stationary 

26 Foremen, steam shovel 
27 Foremen, tracks 

28 Foremen, surface 

29 Laborers and bosses 

30 Masons and plasterers 
31 Master mechanics 

32 Machinists and helpers 
33 Machinemen and helpers 
34 Miners 

35 Oilman and helpers 

36 Officemen 

37 Pumpmen 

38 Plumbers and pipe fitters 
39 Painters 

40 Pitmen 

41 Repairmen 

42 Samplers 

43 Switchtenders 

44 Stableman 

45 Sandmen 

46 Teamsters 

47 Topmen 

48 'Trammers 

49 Timber framers 

50 Trackmen 

51 Watchmen 

52 Water and coal tenders 
53 Yardmasters. : 





ce a Ag ANAT ALARA RRR ROW WWWWWWWWWNHNNNNNNNNNE HEH EEE Hee = 


54 
55 
Total 
1 ae 
2 ‘ 
3 a 
4 i] 
5 f 
Total sy 
Ore q 
Waste | , 
| 








a Original form 20} inches wide by 34 inches high. Original form has 20 instead of 4 distribution columns. 


aoe 
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Fi; | 

Another group of headings on these sheets indicate the following 
" accounts: Water supply, Santa Rita boiler, compressor expense, 
: heating, machine shop, blacksmith shop, carpenter shop, lght 
| service, engineering and surveying, assaying and sampling, office 
expense, pit drainage, stable expense, superintendent and general 
labor, and a few other accounts. Another group of accounts comes 
under the general term ‘‘Additions to plant,’ and the individual 
columns are headed ‘‘Crusher bins,” ‘‘Hospital addition,” etc. A 
| fifth group is known as surface-development accounts. They include 
, surface drainage, additions to dump lines, company roads, etc. The 
-accounts-recoverable group comprises mess accounts, county roads 
“built or repaired, ete. 

_ Each column on each of these sheets (Form 22) represents a sepa- 
‘rate account. When these columns have been added, the total for 
each is divided between ore and waste according to the amount of 
time spent by each shovel in digging ore and the time spent in digging 
waste. These time figures are obtained from the reports of the shovel 
engineers, and are checked against foremen’s reports, etc. 

_ From the data recorded on the other forms the operating-cost 
sheets for the month (Form 23) are-made out. One of these is used 
to show mining costs and another to show stripping costs. -The 
expense apportioned to each is obtained from the total time spent by 
the shovels in digging waste and the total time spent by them in 
digeing ore. The percentage of the total time spent in digging ore 
multiplied by the total cost for the month gives the cost of mining for 
the month. The remainder is the total cost of stripping: The reca- 
pitulation at the bottom gives a complete summary of the cost of 
production to date as well as costs for drilling, blasting, loading, and. 
hauling. Thus, Form 23 provides a convenient and concise summary 
: of all the costs. 

| 43503°—Bull. 107—16—8 
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WAREHOUSE METHODS. 


The importance of the warehouse or storehouse division will be 
grasped from the fact that it always carries on hand and accounts 
for about a quarter of a million dollars’ worth of stock of most varied 
character, say from turpentine to teeth for steam shovels. 

All invoices received during the month are recorded in triplicate, 
Form 24, a ‘‘statement of invoices.”’ The original of these is sent to 
the cashier’s office, a duplicate goes to the supply agent, and the 
triplicate is retained in the warehouse. The invoices are then 
entered on the ‘‘warehouse-record’’ sheets (Form 25). These give 
a record of the freight charges, the material actually received, and 
the material invoiced. From this form the material is entered on 
large ‘commodity distribution” sheets, where the data covering 
different commodities are segregated in different columns, so that 
the amount of each received is easily determined. The commadities 

are then entered in the “ price-and-invoice’’ book (Form 26), each 
page being given over to a different article, such as cylinder oil or 
steel rails. The price and balance on hand is kept posted for each 
month, and in addition stock is taken in December of each year and 
checked against this book. 

Data covering the supplies issued are carefully recorded in several 

ways. Form 27 is an order on the storekeeper for material. The 
data on each of these forms received are entered in the ‘supplies 
issued record’’ book (Form 28), which shows the kind, quantity, and 
cost of supplies issued for every day of each month. At the end of 
the month these daily records are summed up on a monthly record 
known as the “Santa Rita supply distribution”? sheet (Form 29). 
This summarizes the supplies charged during the month and fur- 
nishes part of the data for the work of the cost accountant in the 
main office. 

The warehouse also keeps a record of the powder supply. Every 
week the powder supply is balanced in pounds of weight and a 
month in money. Form 30 is used for this record. 

Many other labor-saving forms are used, but as they pertain Fare 
to general warehouse accounting than to mine accounting, they are 
not introduced here. 
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Form 24.-—Form used in making statement of invoices.4 


y 


STATEMENT OF INVOICES. 


SANTA RITA MINE, 


Over- 


Amount Local i 

Amount | charges or A : Amount 

Date. Favor of— ; : takeninto| freight : 
of invoice. ee ancount: bill No.: of freight. 

















\ 
Total 
@ Original form 84 inches wide by 14 inches long. 
Form 25.—Warehouse-record sheet .a 
WAREHOUSE RECORD. : 
SANwrA RITA, MIN, (5.005... seen ee month, 191.. 
Freight bill. Material received. Invoice. 
=a ee 5: = > | 
aS os| 3/8 £ | S34 
ie pine SES bed ar is a — | & | 23 
eo |8s d w= |@8] 8 | eS] Consignor, shipping 5 A | oom 
EZ 5 2, = = an © | :3°s | point, and description. | g st od 
Soa te TE Wil Aae aa te Dia IR Pea en MT Gh 2 | 2 \sa" 
3 So) a © sat Ee SF eee Ss | s | ss- 
~ gh RSI press TANT tial Pidasiee | ccd ten tay dient Su a 421A |Ax 
| . Vite ACA hts ALLA he, et Te em Th 




















@ Original sheet 133 inches wide by 16 inches long. 
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Form 26.—Specimen sheet from price-and-invoice book. 4 


Nuts, bolts, and washers. 





Jan. Feb. Mar. Oct. Nov. Dec. |Bal.for’d. 


} a | ff Nf fn, 









‘Ave. price 
New price 
Bal. on hand 


Order No 





Form 27.—Form used in order on storekeeper for material. 


REQUISITION FOR SUPPLIES. 


eS [of foreman]. : 
rt SANTA/RITA UN MEX y/o gleesete sah. 191.. 
To STOREKEEPER: 





No. Material. For— 





Storekeeper Req. No. Approved. 


Nelsiniata cies 0) | aida slala alul= sls a <(e o's s'sias @)eleie «aie Sie eels elaic.e's a | | wae ee 6 ae a aelain os ub Sisco 6's <a es 2100 = © e:6 a) =o oe 


Signed 
Form 28.—Form used in recording daily issues of supplies. ¢ 
SUPPLIES ISSUED RECORD. 
MegiivGie WeMwe ee Lae DO Sm ei MAINT oc eat uae rape chal cls Whats wal? Account. 


Price. | Amount.| Total. 








2 les La Tale PIES RAO Bil Articles. Total. 
a4 $6 6¢ $ 6 6¢ $ ¢ 

















a 








@ Original sheet 15 inches wide by 12% inches high; sheet printed on both sides. Eight spaces instead 

of one space appear for ‘‘ Order No.” entries; also columns for each month of the year. 

> Original form 8} inches wide by 104 inches high, printed on white paper. A duplicate set of forms 
is printed on yellow paper, a yellow duplicate of each order being retained by foreman making requisition. 

¢ Original form, 17 inches wide by 11 inches high. Margin and punch holes at left provided for binding; 

also columns for each day of the month. 


cer el ae et » rd M VApel ¢ re ae Tee oot 5) ae. a pane ANI a a ity A Bs ob 
~5 4 \ & 5 kis co ( oe vont 3 Rh Orig 
nt ie A batten Me Serta ie UL At) 
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Form 29.—Form used in summarizing daily records from Form 28.4 Gl : 


SANTA RITA SUPPLY DISTRIBUTION. 








DheetiNon ue 6 £23 ie ee ah ema ate fk aR Tet ONIN, Opie Ne 191...) 
On hand.|Received.| Used. | On hand. 
(>) (¢) Coy fi SD 
1 Air-drill repairs 
2 Air-brake repairs 2 
3 Babbitt and metals a 
4 Belting 4 
5 Boiler flues om 
6 Boiler compound 6 
7. Blacksmith coal 
8 Burlap and canvas 
9 Candles 
10 Cement, brick, and lime 10 
11 Castings li 
12 Caps 12 
13 Coke | . - “13 
14 Drillrepairs 14 
15 Dump-car repairs 15 
16 Electrical fixtures and supplies 160 
17 Fuse ; la 
18 Fire brick and clay 
. 19. Fuel 19° 
20 Furniture and fixtures : 20 
21 Grease and lubricants 215) 
22 Hay, grain, and feed 2. 
23 Hoseand fittings . 239 
24 Hardware 24 
: 25 Iron and steel 25 
26 Illuminating oils 26° 
27 Laboratory supplies 27 
28 Lumber : 28 
29 Locomotive repairs 29 
30 Labor 30 
31 Machinery repairs 381 
32 Metallath 32 
33 Nuts, bolts, and washers 33a 
34 Nails 34 
35 Packing ~ ; 3ba 
36 Pipe and fittings 36 
37 Pulleys and shafting 3 
38 Powder 38 
39 Paint, tar, and glass 39 
5 40 Pump repairs 40 
ee 41 Railand fittings | 41° 
42 Rope and cable 42 
43 Screens [ 43 
| 44 Steam-shovel repairs A 44 
45 Stationery j 45 
46 Structural steel 46 
. 47 Sand 47 
) 48 Switching 48 
) 49 Ties 49 
| 50 Teaming 50 
51 Timber and lagging 5 
& 52 Tools 5 
7 53. Waste ib 
ae 54 54 
55 55) 
Total r 
Santa Rita store supplies 
: Suni power from Hurley 
2 ) 
3 3 
4 . “| 
Total 
Ore i 
Weste of 
a Original form, 24 by 24inches. Original has 20 instead of 2 blank columns for headings showing distri- 
bution of supplies. . ; 5 
b At first of month. 
¢ During month. i 
@ At first of succeeding month. (a 
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PUBLICATIONS ON MINE ACCIDENTS AND METHODS OF METAL 
MINING. 


Limited editions of the following Bureau of Mines publications are 
temporarily available for free distribution. Requests for all publi- 
cations can not be granted, and applicants should select only those 
publications that are of special interest to them. All requests for 
publications should be addressed to the Director, Bureau of Mines, 
Washington, D. C. 


BuLueTIN 53. Mining and treatment of feldspar and kaolin in the southern 
Appalachian region, by A. S. Watts. 1913. 170 pp., 16 pls., 12 figs. 

BULLETIN 62. National mine-rescue and first-aid conference, Pittsburgh, Pa., 
September 23-26, 1912, by H. M. Wilson. 1913. 74 pp. 

Bunietin 75. Rules and regulations for metal mines, by W. R. Ingalls, James 
Douglas, J. R. Finlay, J. Parke Channing, and John Hays Hammond. 1915. 296 
pp., | fig. 

BuLLeTIN 80. <A primer on explosives for metal miners and quarrymen, by C. E. 
Munroe and Clarence Hall. 1915. 125 pp., 15 pls., 17 figs. 
' ButLietin 101. Abstracts of current decisions on mines and mining, October, 
1914, to April, 1915, by J. W. Thompson. 1915. 188 pp. 

TECHNICAL PapER 4. The electrical section of the Bureau of Mines, its purpose 
and equipment, by H. H. Clark. 1911. 12 pp. 

TECHNICAL PaprEer 6. The rate of burning of fuse as influenced by temperature 
and pressure, by W. O. Snelling and W. C. Cope. 1912. 28 pp. 

TECHNICAL PAPER 7. Investigations of fuse and miners’ squibs, by Clarence Hall 
and S. P. Howell. 1912. 19 pp. 

TECHNICAL Paper 11. The use of mice and birds for detecting carbon monoxide 
after mine fires and explosions, by G. A. Burrell. 1912. 15 pp. 

TECHNICAL PAPER 13. Gas analysis as an aid in fighting mine fires, by G. A 
Burfell and F. M. Seibert. 1912. 16 pp., 1 fig. 

TECHNICAL PapER 15. An electrolytic method of preventing corrosion of iron andl 
steel, by J. K. Clement and L. V. Walker. 1913. 19 pp., 10 figs. . 

TECHNICAL Paper 17. The effect of stemming on the efficiency of explosives, by 
W. O. Snelling and Clarence Hall. 1912. 20 pp., 11 figs. 

TECHNICAL PapeR 18. Magazines and thaw houses for explosives, by Clarence 
Hall and S. P. Howell. 1912. 34 pp., 1 pl., 5 figs. 

TECHNICAL Parser 19. The factor of safety in mine gies) installations, by 
H. H. Clark. 1912. 14 pp. 

TECHNICAL PaPEeR 22. Electrical symbols for mine maps, by H. H. Clark. 1912. 
11 pp., 8 figs. 

TECHNICAL PAPER 29. Training with mine-rescue breathing apparatus, by J. W. 
Paul. 1912. 16 pp. 

TECHNICAL Paper 30. Mine-accident prevention at Lake rainanioe iron mines, 
by D. E. Woodbridge. 1913. 38 pp., 9 figs. 

TECHNICAL Paper 40. Metal-mine accidents in the United States during the 
calendar year 1911, compiled by A. H. Fay. 19138. 54 pp. 
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. TECHNICAL Paper 41. Mining and treatment of lead and zinc ores in the Joplin 
district, Missouri; a preliminary report, by C. A. Wright. 1913. 43 pp., 5 figs. 

TECHNICAL Paper 46. Quarry accidents in the United States during the calendar 
year 1911, compiled by A. H. Fay. 1913. 32 pp. 

TECHNICAL PAPER 47. Portable electric mine lamps, byH.H.Clark. 1913. 13 pp. 

TECHNICAL PareR 58. The action of acid mine water on the insulation of electric 
conductors; a preliminary report, by H. H. Clark and L.C.Ilsley. 1913. 26 pp., 
1 fig. 

TECHNICAL PAPER 59. Fires in Lake Superior iron mines, by Edwin Higgins. 
1913. 34 pp., 2 pls. 

TECHNICAL PapPER 61. Metal-mine accidents in the United States during the 
calendar year 1912, compiled by A. H. Fay. 1913. 76 pp., 1 fig. 

TECHNICAL PaPEeR 62. Relative effects of carbon monoxide on small animals, by 

G. A. Burrell, F. M. Seibert, and I. W. Robertson. 1914. 23 pp. 

_ TECHNICAL PAPER 67. Mine signboards, by Edwin Higgins and Edward Steidle. 
1913. 15 pp., 1 pl., 4 figs. 

_ TrcHNIcAL PAPER 77. Report of the Committee on Resuscitation from Mine 
Gases, by W. B. Cannon, G. W. Crile, Joseph Erlanger, Yandell Henderson, and 
S.J. Meltzer. 1914. 36 pp.,; 4 figs. 

TECHNICAL PAPER 92. Quarry accidents in the United States donne the calendar 
year 1913, compiled by A. H. Fay. 1914. 76 pp. 

TECHNICAL Paper 94. Metal-mine accidents in the United States during the 
calendar year 1913, compiled by A. H. Fay. 1914. 73 pp. 

TECHNICAL Paper 100. Permissible explosives tested prior to March 1, 1915, by 
S. P. Howell. 1915. 15 pp. . 

Miners’ CrrcutaRr 5. Electrical accidents in mines, their causes and prevention, 
by H. H. Clark, W. D. Roberts, L. C. Ilsley, and H. F. Randolph. 1911. 10 pp., 
3 pls. 

Miners’ CirrcunaRr 8. First-aid instructions for miners, by M. W. Glasgow, W. Ri 
Raudenbush, and C. O. Roberts. 1913. 67 pp., 51 figs. 

Miners’ Crrcutar 10. Mine fires and how to fight them, by J. W. Paul. 1912, 

“14 pp. 

Miners’ CrrcuLaR 1]. Accidents from mine cars and locomotives, by L. M. 
Jones. 1913. 16 pp. 

Miners’ Circuntar 13. Safety in tunneling, by D. W. Brunton and J. A. Davis. 
m9i3. 19 pp. 

Miners’ Crrcutar 15. Rules for mine-rescue and first-aid field contests, by J. W. 
Paul. 1913. 12 pp. 

Miners’ CrrcuntaR 17. Accidents from falls of rock or ore, by Edwin Higgins, 
1914.. 15 pp., 8 figs. 
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MELTING ALUMINUM CHIPS. 


By H. W. Gittert and G. M. Jamss. 


INTRODUCTION. 


In its work on mineral wastes the Bureau of Mines is studying 
losses in the melting of nonferrous metals and alloys. The greatest 
of these losses is that of zinc through volatilization in brass melting, 
but another and considerable loss is that of aluminum and its alloys 
in the melting of finely divided material. 

In order to get some idea of the magnitude of the loss in melting 


aluminum scrap and to find out what methods of melting were used 


information was gathered in regard to present practice; also experi- 
ments were conducted to obtain some data on the relative merits of 
different methods. As the experiments could be made on a labora- 


tory scale only, they were not expected to solve the problem entirely, 


the object in making them being rather—by indicating which meth- 
ods were of greater promise—to narrow the field over which large- 
scale tests and comparisons need be made by those commercially 
nterested in the problem of melting scrap aluminum. 


NATURE OF SCRAP ALUMINUM. 


Scrap aluminum may. be produced in the fabrication of sheet alu- 
minum into various objects, such as cooking utensils, camera frames, 
and various ornamental goods, yielding sheet clippings or punchings, 


in the machining of aluminum castings for automobiles, motor boats, 


cooking utensils, vacuum cleaners, meter cases, and the multitudinous 
other articles in which cast aluminum is used, yielding borings or 
chips, or in the foundry, in the chipping and grinding of rough cast- 
ings, and in the recovery of buttons of metal from foundry SMOCRIEeS: 
or from the dross skimmed from the melting pots. 


CLIPPINGS AND PUNCHINGS. 


Sheet clippings and punchings do not, as a rule, show a very great 
melting loss, for they are normally kept clean and are usually not 
excessively small nor thin, and may without the use of very great 
pressure be ‘‘cabbaged”’ or pressed into brick-like bundles, which 

Y) 
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are considered almost as valuable for foundry use as ingot metal, 
particularly as it is necessary, in order to obtain good rolling quali- 
ties, to use purer metal for sheet than is sold for casting purposes. 
‘‘Hard-sheet”’ aluminum, containing upwards of 1 per cent of man- 
ganese, must of course be used with due consideration of the content 
of the alloyed metal. 


SCRAP WIRE AND CABLE. 


Scrap wire and cable is a still purer aluminum than unalloyed sheet 
aluminum, as the very purest metal attainable is required for high 
electrical conductivity. Bare wire and cable is a desirable form of 
scrap, but insulated wire would be hard to handle in remelting. On 
account of the growing use of aluminum wire of small diameter, that 
is electrolytically insulated with a film of aluminum oxide,* this wire 
will at some future time form a variety of scrap that will be more or 
less difficult to remelt. | 


CASTINGS, CHIPS, AND BORINGS. 


The great bulk of the scrap aluminum met with at present consists 
of old castings and of chips and borings obtained in machining cast- 
ings. Melting down old castings presents no difficulty, as- the loss 
is scarcely greater than with ingot metal. The chips and borings, 
however, give much trouble, and form the main problem in regard to 
metal losses in remelting scrap aluminum. 7 

As at least 95 per cent of all cast-aluminum alloys is used for 
automobile engine beds or crank cases, gear cases, transmission cases, 
footboards, bodies, steering-wheel spiders, intake and outlet mani- 
folds, hub caps, and miscellaneous trimmings and fittings, chips from 
a motor-car manufacturing plant may be regarded as typical. — 

The drill presses and milling machines used on aluminum castings 
run either with a light cutting oil, kerosene being often used, or with 
cutting lubricants of the general type of emulsions of oil in a soap 
solution. The emulsions seem to be coming into increasing use. — 

If the chips stand in the air while wet with such aqueous solutions, 
that is, if the solution is not drained off at once, they become super- 
ficially oxidized and caked together. 

The chips become covered with whatever lubricant is used, soaking 
itup likeasponge. If they fall on the floor and are swept up without 
due care to keep them separate from the floor dust, the dust sticks to 
the oily or moist borings. 

If the machining of iron, steel, brass, or white metal is done near by, 
chips of those metals are likely to become mixed with the aluminum 
chips. Itis the exception and not the rule to find aluminum chips 


é Skinner, C. E., and Chubb, L. W., The electrolytic insulation of aluminum wire: Trans. Am. Elec- 
trochem. Soc., vol. 26, 1914, p. 137. 
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that are not contaminated with a few per cent of iron chips. The iron 


necessitates passing the chips over a magnetic separator. On account 


-of the more curly form of chips from aluminum than from most com- 


mercial brasses and bronzes, it is harder to effect a complete separa- 
tion of the iron, particularly from damp or oily chips. 

The chips may go to the aluminum foundry of the automobile 
plant, if it makes its own aluminum castings, or may be sent to 
various refiners, who either buy the chips outright or refine them 
into ingots, make a smelting charge, and return the ingots obtained, 
or the chips may be sold in small lots to some small dealer in scrap 


_ metal, who adds them to various other chips until he has enough to 


melt down himself or sell to a larger operator. 


Some of the larger operators state that it is apparently difficult 


for some of the small junk dealers to resist the temptation to add road 


dust, foundry sweepings, or other fine dirt to the borings, as 10 per 
cent or more will readily stick to oily borings and be scarcely detect- 
able even on close inspection. 

The size and thickness of the chips depends on the depth of the 


roughing and finishing cuts. The thickness commonly runs between 


0.005 and 0.02 inch. 
RECOVERY ON SCRAP ALUMINUM. 


Foundry wastes, such as spillings recovered in floor “sweepings, 
small fins that work their way into core prints, chippings from the 
trimming room, and dust from the emery grinders, are all badly con- 
taminated with dirt. The larger pieces are picked out by hand and 
the rest concentrated by tumbling dry in a stream of air, or in a wet 
tumbling barrel. The scum of oxide, dirt, and metal that is skimmed 
from the melting pots is generally remelted in the foundry, usually 
with the use of sal ammoniac or zinc chloride, and the dross from this 
remelting is thrown away, sold to a refiner, or dropped into water 
as soon as skimmed off, and then subjected to wet tumbling. 

In melting fine material, such as borings or chips, fine shot from 
foundry wastes, and dust from grinding wheels, all heavy scrap being 
excluded, the recovery as ingot metal runs from 40 to 90 per cent of 
the metal content, the proportion recovered varying with the size 
and cleanness of the material and with the facilities, experience, and 
method of the melter. 

It is very doubtful if any but the largest and most Sneed 


_ refiners average more than 65 per cent recovery from the ordinary 


dirt-laden borings of commerce. One firm organized solely to refine 
borings to ingot suspended operations after a few months, and another 


firm has run its aluminum-refining department only intermittently, 


finding that when aluminum was scarce it was better to stop refining 
borings because their price rose above that at which a profit could be 
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made with the percentage of recovery obtained. At such times the 
borings go to small refiners, or to foundries that refine the borings 
separately or add them to the regular melts. In many cases no accu- 
rate records of costs are kept by such plants, and the operators may 
be refining at a considerable loss without knowing it. 

A prominent aluminum founder states that with pure aluminum 
selling at 25 cents per pound and copper at 15 cents, the most common 
casting alloy, ‘‘No. 12,” containing 8 per cent copper, would sell in 


new ingot for about 244 cents, whereas,good No. 12 borings would 


command about 124 cents and the ingot made from the borings would 
sell at about 22 cents. If the cost of refining, including the cost of 
fuel, labor, overhead charges, etc., is arbitrarily assumed to be 1 cent 
per pound of ingot produced, it will be seen that with a 50 per cent 


recovery on the gross weight of borings bought, the cost of producing” 


a pound of ingot would be 25 cents for metal and 1 cent for refining 
charges, or 26 cents, which, with metal selling at 22 cents, would result 
in a loss of 4 cents per pound of ingot, whereas with a 70 per cent re- 
covery the cost would be about 20 cents, netting a profit of 2 cents 
per pound. With a 60 per cent recovery there would be a slight loss, 
whereas with an 80 per cent recovery the profit would be over 5 cents 
per pound. It is assumed that the same price, 124 cents, is paid for 
borings from which only 50 per cent of metal is recovered as for those 
yielding 80 per cent. 

If it be assumed that the average recovery from chips and foundry 
waste is 65 to 70 per cent, on the metallic basis, and if, as is shown 
later, borings kept perfectly clean and properly melted will give 90 
to 95 per cent recovery, then 20 to 30 per cent of the aluminum that 
is machined off castings is unnecessarily lost. 


The probable amount of aluminum castings ‘used in motor-car con- — 


struction from July 1, 1914, to July 1, 1915, has been estimated by the 
general manager of a firm of aluminum founders, whose production 
alone is over half that amount, to be between 20,000,000 and 
25,000,000 pounds. Addition of heavy export orders to the increas- 
ing domestic demand will undoubtedly cause the amount used from 
July 1, 1915, to July 1, 1916, to exceed 25,000,000 pounds. 

The percentage machined off from a rough aluminum casting in the 
finishing process seems, from data obtained by the writer, to average 


about 15 per cent, a figure which is much higher than was estimated 


offhand by several people connected with the automobile and alumi- 
num casting industries, whose guesses averaged 3 to 4 percent. The 
writer’s result was reached by weighing rough and finished castings 
at an automobile plant making a car in the $700 to $800 class, and by 
weighing rough and finished castings made for various other motor- 
car manufacturers at an aluminum foundry, with the following 
results: 


| 


| 


| 
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Proportion of metal machined off in finishing alumnium castings for motor cars. 


Weight of | Weight of Percentage 








Casting. rough finished | _f metal 
casting. casting. machined 
off. 
Pounds. Pounds. : 
MMMEACINETSISTRISSLON: CASO, co. on nice are See we dies Ves Gos tee cbeccce cc 28.50 24.50 14 
Small double-flanged exhaust elbows........-........----2-0eeeeeee We r35 15 
cee DOJOL O-CYHNGEr MOMs. oc ccc oe wsic'll s So cwlew wdiee s Sec BSc. 5.00 4.80 4 
MIREE ATION SIUAIE TIOLOL CS ene Boe coe cae once ences eee ot eke eee aens 8.90 7.00 21 
Se SerOr VET VeSINaAll MOUOrscces coe ciee mateo coe soe ee Comoe 1.58 1.50 5 
BE TRSt SCHOO S-CVIINCELMOLOl. . coed sccce cs cctc cccetcasecceetoce see 94.00 80. 00 14.5 


As crank cases and transmission cases make up the bulk of the 


weight of aluminum castings in a car, the values obtained from them 


will have more effect on the total than those obtained from the 
smaller castings. 
The results of this tabulation, which indicate that 15 per cent 


was machined off, were so at variance with the estimates cited that 


the matter was taken up with the makers of a car in the $2,000 class, 
who state that on that car there are used 47 aluminum parts which 
are machined, the total weight of the rough castings used per car 


being 166.19 pounds. ‘The loss per car in chips is 25,15 pounds, or 
15.1 percent. The weights were taken on the average of a number of 
_ like parts, in some cases as many as 50 being weighed. On the basis 


of 15 per cent of metal machined off, the yearly production of chips 
from aluminum castings in the United States will then run between 
3,000,000 and 3,750,000 pounds. If 20 to 30 per cent of this amount 
is unnecessarily lost, then 600,000 to 1,125,000 pounds of aluminum 
alloys worth 16 to 25 cents per pound, based on the average market 


- quotations for the last few years, is lost, or, as these figures take no 
account of the loss in running down foundry wastes, it may be esti- 
mated that in all metal worth approximately $200,000 at average 
prices for aluminum, is lost each year in the United States through 


the low recovery in melting down aluminum borings and foundry 


waste. At the abnormal price of aluminum in 1916 this figure would 


ee 


be doubled or trebled. 
This estimate is not too high, as the United States Geological Sur- 


vey states % that in 1913 2,198 tons of secondary aluminum and 2,456 


tons of secondary aluminum alloys (90 per cent of the latter being 
“No. 12” alloy, containing 92 per cent aluminum and 8 per cent 
copper) were recovered, mostly from aluminum clippings and _ bor- 
ings, the whole having a value of $2,199,480. The total consump- 
tion of aluminum in the United States in. 1913 was 36,190 short 


- tons.® 





@ Phalen, W. C., Bauxite and aluminum: Mineral Resources of the United States for 1913, U. 8. Geol. 


 Burvey, 1914, p. 16. 


: 





> Phalen, W. C., Loc. cit. 
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If the pure aluminum, mostly from clippings, which give low loss _ 
on melting, be entirely disregarded and the alloys only be considered, 
and if it be further assumed that only two-thirds of the quantity of | 
alloys came from borings, there would be about 3,250,000 pounds of’ 
secondary aluminum alloys recovered. If this figure represents a 70 
per cent recovery of the original metal content in the borings, which 
is as high as is probable, and if a 90 per cent recovery is possible then 
two-sevenths of 3,250,000 pounds, or over 1,000,000 pounds, was 


lost in melting. The average value of the secondary pure aluminum 
and alloys was about 234 cents per pound in 1913, according to the 
figures of the Geological Survey. If the alloy is nine f to be worth | 
20 cents, the value of the lost metal figures to about $200,000 for 1913. 

The 1914 figures * show 2,791 tons of secondary aluminum and 
1,731 tons of recovered Ativaeiiy contained in alloys, having a total | 
Paine of $1,673,140, or an average of 184 cents per Noone It is 
stated that the greater part of the secondary aluminum was recoy- 
ered from clippings and borings. Pure aluminum borings are not 
common, and as refineries commonly term borings from aluminum 
alloys ‘ solar borings,” their reports may not have made a clear. 
distinction between pure and alloyed metal. 


Although figures for 1914 showed a decrease in amount and value | 


of recovered aluminum alloys as compared with 1913, the high aver- 
age price of aluminum in 1915 will bring the values of the losses for 
1915 to about $300,000, as in the fall of 1915 the price of alumi- 


num rose to about three times the prices quoted in 1914 and in the) 


spring of 1915. 


There are, of course, other possible uses for aluminum alloy chips | 
than as a source for the recovery. of ingot metal. Their use for the | 
manufacture of aluminum paint at once suggests itself, but it is doubt- | 
ful if all alloys of aluminum are malleable enough to produce the very 
thin flat flakes required in aluminum paint. Pure aluminum scrap | 
could doubtless be so used. One automobile firm, during the period | 


of unusually high prices for aluminum in 1915 and 1916, was forced | 


to find a substitute for the aluminum paint previously used on its | 


motors and found one in finely crushed ferrosilicon. This firm also 


reported that it could, in this period, obtain a higher price for its | 


aluminum chips from a chemical company than it could from the 


metal refiners. The chips are evidently used in the preparation of | 
anhydrous aluminum chloride, to be used as a condensing agent in | 


the manufacture of dyes. 








a Phalen, W. C., The production of bauxite and aluminum: Mineral Resources of the United States for | 


1914, U. S. Geol. Survey, 1915, pp. 183-209. 
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sheet or chips, is to have a pot of molten aluminum at low red heat 
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METHODS OF MELTING ADVOCATED IN THE LITERATURE. 


_ Various methods of melting down chips are suggested in the peri- 
odical and patent literature. One of the earliest comments @ on the 
subject is as follows: 


ADDING SCRAP TO MOLTEN METAL. 


We recently had an inquiry for a method of recovering the aluminum from the 
skimmings taken from the casting ladle. The company making the inquiry is in 
the aluminum-casting business, the parts being mostly for automobile work. One 
essential was that the recovered metal must be of such degree of purity that it could 
be used over again for casting. As the quantity of skimmings is large, the waste 


at present going on is considerable. 


There is no way of accomplishing this in a commercial manner except by putting 


the skimmings into the reduction pots, and even that is objectionable with a great 
many kinds of alloy skimmings, particularly those containing zinc. It is extremely 


difficult to get finely divided particles of aluminum to agglomerate, even when 
fused, owing to the difficulty of breaking the skin which covers each particle. The 
only method by which it was ever done is that recited by De Ville—namely, melt- 
ing finely divided metal by using a double chloride of sodium and aluminum, which 
acts as a flux and permits some of the finely divided aluminum to be made into a 
button. This operation is, however, so difficult and so unusual that the expense 
of it is considerably more than the value of the metal recovered. 


Sperry ® states ‘‘The best way to melt aluminum scrap, such as 


and then to add the scrap to it, pushing it down at once under the 


surface, so that it is not exposed to the air at all. In this manner 


there is no oxidation of the aluminum and it can be melted with the 
minimum waste. The scrap will dissolve in the molten aluminum, 
and this is an ideal condition.”” He also states ¢ that the chips should 


i be added in small quantities at a time to already molten metal with 


immediate stirring, and the pot fluxed at the end of the melt with a 


little zinc chloride. 


Vickers? suggests practically the same method. Still another 
description ¢ of this general method follows: 


Question.—We have several barrels of aluminum turnings and borings and would 
like to know the best method of converting this material into pig form. We under- 
stand that under certain conditions of melting a considerable loss of aluminum 
results. 

Answer.—The melting of finely divided metals entails considerable work, and fur- 
thermore, the material must be handled in a manner which will prevent undue oxida- 
tion. The best way to accomplish this is to dissolve the finer metal in a bath of molten 
metal. A large crucible should be used and the molten metal should be obtained by 
melting ingots or other bulky stock. In the case of aluminum, the bath should be 


@ Editorial, Recovery of aluminum from skimmings: Metal Ind., vol. 5, 1907, p. 100. 

b Sperry, E. S., Questions and answers: Brass World, vol. 9, 1913, p. 296. 

¢ Sperry, E. S., Remelting of aluminum chips or borings; Brass World, vol. 6, 1910, p. 278; Jour. Inst. 
Metals, vol. 5, 1911, p. 342. 

d Vickers, C., How to melt aluminum turnings or borings: Foundry, vol. 41, 1913, pp. 119, 420. 

é Editorial, Recovery of aluminum turnings and borings, problems of the brass founder: Foundry, vol. 
43, May, 1915, p. 195. 
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raised to a temperature not above red heat. Charge as many borings at a time as the 
Hath will dissolve, but do not leave any of the borings on top of the bath in a solid 
state. These should be stirred into the molten metal. Inasmuch as the bath in- 
creases with each charge of borings, it will dissolve more each time that additions 
are made. As the borings will cool the bath, the furnace should be closed from time 
to time, the metal again heated to redness, when more borings can be added, and 
this process can be continued alternately until the pot is full. At this stage the metal 
is cast into ingots, but sufficient should be left in the pot to form another bath. If 
the mush-like dross gathers on the surface of the metal, add a small piece of fused 
zine chloride and stir it on the surface. This will liberate the metal from the dross, 
which will form a cover for the aluminum. The metal should be skimmed béfore 
casting into ingots. Incidentally, this dross is of no value. 

In doing this work the borings should be passed through a magnetic separator to 
remove the iron, and under no conditions should the bath of molten metal be heated 
above redness at any time, as otherwise the aluminum will attack the silica in the 
crucible and the metal will contain black specks. 


A similar method in which turnings are to be charged into a “heel” 
of molten metal, but a reverberatory furnace used, not a crucible, 
has been advocated,* though no mention is made of stirring or the 
use of any flux. ‘ 

Kchevarri? says, “Scrap can be remelted by submerging in the 
molten metal, the loss being only 2 to 3 per cent.” This statement 
evidently refers to heavy scrap. 

Coulson ¢ has recently described a puddling method, commercially 
used for the recovery of turnings from an aluminum alloy with 5 to 
10 per cent of magnesium, as well as considerable experimental work 
on the problem. Previous to the experimental work, cryolite had 
been used as a flux, the recovery with clean turnings varying from 
60 to 90 per cent on clean material. In the experiments, turnings 
were melted in air-tight, electrically heated furnaces, in which the 
air could be displaced by reducing gases, such as hydrogen. Even 
in such a nonoxidizing atmosphere 10 per cent was lost, and nitrides” 
were still formed, indicating that air was occluded in the borings. 
Then the turnings were boiled in a 4 per cent salt solution to displace 
occluded air and wash off dirt. These treated borings, melted under 
hydrogen, still gave 8 per cent loss. Melting under hydrogen was 
considered impractical for commercial work, so melting in open cru- 
cibles was tried. The borings were washed in benzine and then — 
boiled in a salt solution. The damp borings were fed into a hot 
crucible containing a small ‘‘heel’”’ of molten metal, and each addi- 
tion thoroughly puddled until the mass became uniformly viscous. 
After all the borings were in, the charge was allowed to stand until 
the dross had risen, when the clean metal was poured from beneath 
the dross, or tapped off from a hole in the bottom of the crucible. — 

a ¥. H. H., Refining scrap: Foundry Trade Jour., vol. 14, 1914, p. 29. : 


b Echevarri, J. T. W., Aluminum and some ofits uses: Jour. Inst. Metals, vol. 1, 1909, p. 128. 
¢ Coulson, J., Reclamation of magnalium from turnings: Trans, Am. Inst. Metals, vol. 9, 1915. 
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i Calcium chloride was then stirred into the dross. If the temperature 
‘rose through thermit action, powdered cryolite was stirred in. The 
metal separated from the dross was then poured or tapped. The 
loss by this method averaged 6 per cent for small melts, and with 


200-pound melts of clean material the loss has been as low as 1 per. 


cent. 













-eent of calctum aluminum silicide restores the reclaimed metal to its 
original physical state as shown by tensile tests. 
_. Such additions should be made with caution, since for some pur- 
‘poses the presence of alkali or alkaline earth metals is detrimental, 
and in the production of aluminum every effort is made to keep them 
‘out, as they are considered highly undesirable impurities. Le 
Chatelier* has shown that calcium aluminum alloys are liable to 
disintegrate, apparently spontaneously. 
Puddling methods were used by De Ville on a small scale in 1859, 
and his directions, as quoted by Richards,® quite closely describe the 
puddling method in use to-day. These directions are as follows: 


When it is desired to melt pieces together, they can be united by agitating the 
crucible or compressing the mass with a well-cleaned cylindrical bar of iron. Clip- 
pings, filings, etc., are melted thus: Heat the divided metal to as low a heat as pos- 
sible—just sufficient to melt it. The oil and organic matter will burn, leaving a 
cinder, which hinders the reunion of the metal if the mass is not pressed firmly with 
the iron bar. 


USE OF FLUXES IN MELTING ALUMINUM SCRAP. 


Zinc chloride (ZnCl,) is often used as a flux in running down chips 
and skimmings, as well as in ordinary melting, it being claimed that 
the zinc chloride aids the separation of the metal from the dross so 
that instead of a pasty mass of metal plus dross only a dry, crumbly 
dross is taken off.° The value or uselessness of zinc chloride as a flux 
for ordinary melting is a matter of contention among aluminum 
founders. Lane? found that 0.015 per cent of zinc was taken up by 
an aluminum alloy on one melting and 0.085 per cent after the eighth 
remelt, zinc-chloride flux being used each time. He suggests that 
some of the zinc chloride may be decomposed by the heat and part of 


active agent of the flux. 
_ Micks¢ states— 


} 
_ The flux that has given the best results in aluminum is chloride of zinc. The zinc 
combines with the oxygen which is taken up from the aluminum oxide and forms zine 








- @LeChatelier, H., Alterability of aluminum: Compt. rend., +. 152, 1911, p. 650; Chem. Abs., vol. 5, 1911. 
| p. 1898. 

b Richards, J. W., Aluminum, its properties, metallurgy, and alloys, 1890 pp. 202, 247. 

¢ Anon., Use of zine chloride in melting aluminum: Jour. Inst. Metals, vol. 2, 1909, p. 320. 

dane, H. M., Use of magnesium in deoxidizing aluminum alloys: Trans. Am. Brass Founders’ Assn., 
‘Vol. 4, 1910, p. 101; Castings, vol. 7. 1911, p. 164. 

_€Micks, R., Furnace practice in the brass foundry: Brass World, vol. 11, 1915, p. 150. 








It is stated that the addition of 1 per cent of calcium or 0.5 per | 


the zinc may alloy with the aluminum, the nascent chlorine being the 
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oxide, which is then skimmed off together with the aluminum chloride that is also 
formed in the reacton when the flux is added. The best time to add this flux is after 
the melting is completed; the surface of the molten metal is then covered with a mass of 
dross, but when the chloride of zinc is dropped on it in small pieces it will become 
clear as soon as enough of the flux has been added. 


Lane considers that magnesium is a deoxidizer of aluminum, 
However, Matignon * reports the reduction of magnesium oxide by 
aluminum. It is also stated® that although from thermochemical 
data both magnesium and calcium should reduce aluminum oxide, 
magnesium does not act as strongly in a thermit mixture as aluminum, — 
and that it probably is not a deoxidizer for aluminum. It was thought 
that calcium was reduced by aluminum when calcium chloride was 
used as a flux, and the statement was made that the only value of 
calcium chloride or zinc chloride as a flux is in disentangling the 
aluminum from the dross. 

Another flux recommended* is anhydrous aluminum chloride 
(AICI,), the claim being made that by the use of a small amount of — 
aluminum chloride a recovery of 50 to 70 per cent could be obtained — 
from chips, which without it yielded only 30 per cent. 

Another flux recommended consists of sodium carbonate 10 parts, 
potassium carbonate 2 parts, cryolite 2 parts, and borax 1 part, to — 
be used in the proportion of 14 pounds per 100 pounds of chips. 4 

Borax is suggested by Mellen’ as a flux to dissolve oxides of 
aluminum. 

However, Richards’ states that aluminum melted under borax i 1s 
rapidly sce eal an aluminum borate being formed. 

Weber 9 suggests the use of fluorides of zinc, copper, or nickel, 
mixed with alkali fluorides. The aluminum reduces the fluoride of the — 
heavy metal used, the zinc, copper, or nickel alloying with the alu- — 
minum and forming an equivalent amount of aluminum fluoride. — 
The mixture of aluminum fluoride and alkali fluorides then acts as a — 
slag to dissolve the aluminum oxide. Weber also suggests a mixture 
of zinc chloride and sodium fluoride. ; 

Jones * suggests a flux of equal parts of lithium chloride, potassium 
chloride, and sodium fluoride for use in welding alumainire: 

Schoop ; emphasizes the difficulty of breaking through the thin 
surface film of oxide in welding aluminum so as to make the fluid - 
metal, beneath the films of the two pieces to be welded, unite, and 


x 

a Matignon, C., Reduction of magnesia by aluminum: Compt. rend., t. 156, 1913, p. 1157; Jour. Soc. Chem, — 
Ind., vol. 32, 1913, p. 491. , 

b Anon., Oxidation of aluminum: Foundry, vol. 37, 1910, p. 225. 

ec Anon., The fusion of aluminum chips: Jour. Mines Met., t. 1, 1912, p. 7; Chem. Abs., vol. 6, 1912, p. 
2223; Brass World, vol. 9, 1913, p. 365. 

d@ Anon., Melting aluminum chips: Castings, vol. 38, 1910, p. 78. 

¢ Mellen, J. G., and Mellen, W. F., U. S. Patent 982218, Jan. 17, 1911. 

f Richards, J. W., Aluminum, its ‘properties, metallurgy, and alloys, 1890, p. 81. 

g Weber, H., Process for melting scrap aluminum or alloys high in the metal: German Patent 204%, 
Dec. 30, 1910; Jour. Soc. Chem. Ind., vol. 31, 1912, p. 237; Chem. Abs., vol. 6, 1912, p. 2063. 

h Jones, J. Th , Shop problems—fluxing: Metal Ind. , vol. 11, 1913, p. "528, 

*Schoop, M. v. , Autogenous welding of aluminum: ’ Blectrochem. and Met. Ind., vol. 7, 1909, p. 151. 
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states that he has tried borax, glass, and other substances to exclude 
the air, but found that a flux which would dissolve the oxide was 
needed. He then tried potassium pyrosulphate and many other 
‘substances as fluxes to dissolve the oxide, but found a satisfactory 


patents Schoop * mentions a mixture consisting of 60 parts potassium 
chloride, 20 parts lithium chloride, 12 parts sodium chloride, 8 parts 
potassium sulphate. In a later patent’ he substitutes cryolite for 
the potassium sulphate, and in anotler,’ he says, ‘Experiments have 
shown that the said defects may be completely avoided by adding 
fluorides—for example, fluorides of calcium, potassium, or boron to 
the mixture of chlorides of alkali metals. By means of the improved 
flux it is possible also to melt down or fuse together in crucibles small 
and large scraps of aluminum in the shape of castings, sheets, wires, 
or other objects.” 

Morrison ? speaks well of such a flux for welding, as does Selig- 
man.é Other welding fluxes have been suggested, Thaulow / recom- 
mending 96 parts of borax and 4 parts of sodium bisulphate. 

Pannell 9 gives the composition of various fluxes for use in welding, 


as follows: ; 
“ Composition of various fluxes for use in welding. 





Constituent. 
EES Potas Pot Sodi P 
Sodium | P°t@S |pithium | 49%S- | sodium | 5Odlum | Potas- ; 
: sium ee: sium : bisul- | sium bi- | Cryolite. 
chloride. chloride. chloride. fluoride. fluoride. phate. | sulphate. - 


—— | | | | | Oe | | 


Per cent. | Per cent. | Per cent.| Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
| ae a 30.0 45.0 15.0 (EL We Spo neeee Soi eee wee | ae eee 


It is seen that these are all mixtures of alkali chloride high in the 
low-melting potassium and lithium chlorides, with or without the 
‘addition of fluorides or bisulphates. 

Other processes are based on the theory that as aluminum is readily 
oxidizable, the melting should take place in the absence of air. Mel- 
len * patented a vacuum furnace in which it is claimed that aluminum 
clippings, turnings, and filings ordinarily meléed with a loss of 10 to 
40 per cent may be melted with a loss of only 0.5 to 5 per cent. 








@Schoop, M. V., U. S. Patent 922523, May 25, 1909; English Patent 24096, Oct. 31, 1907; French Patent 
374089, Jan. 30, 1907. 

b Schoop, M. V., U. S. Patent 943164, Dec. 14, 1909. 
| ¢Schoop, M. V., English Patent 24283, Nov. 2, 1907. 

@Morrison, W. M., In discussion: Jour. Inst. Met., (British) vol. 1, 1909, p. 150. 

e Seligman, R., The welding of aluminum; Jour. Inst. Met. (British), vol. 2, 1909, p. 281. 
| fThaulow, E., U. 8. Patent 1139923, Mar. 4, 1914; Brass World, vol. 11, 1915, p. 181. 
| 9 Pannell, E. V., Recent developments in aluminum; some notes on autogenous welding: Trans, Am. 
‘Inst. Metals, vol. 9, 1915. Advance copy, p. 17. 
| bMellen, G., U.S. Patent 1120732, Dec. 15, 1914. 


solution of the problem only in the use of alkali chlorides. In his - 
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One inventor, according to parties to whom the invention was 
offered for $100,000, had a plan to melt aluminum borings by melting — 
in retorts similar to those used in zinc smelting and passing in steam _ 
when it was desired to check the heating onde stop oxidation by air. 
A recovery of 85 per cent was claimed. No further details are avail-_ 
able. 

Zavelberg * suggests for zinc smelting or the recovery of other 
readily oxidizable metals heating the furance, discontinuing the heat- 
ing, charging and closing the furnace, and doing the melting by the 
stored heat. Practically the same method has been used in the 
melting of aluminum-magnesium alloys for casting purposes in a 
tilting Frentanne oil furnace, though it does not seem to have been 
tried on borings. 

Richards ° says: 

Fused common salt is used as a flux for aluminum. Fluorspar makes a good flux 
for the metal, especially in connection with cryolite or common salt, and possesses 


the property of dissolving the aluminum oxide with which the metal may be contam- 
inated and which, by incrusting small globules, hinders their reunion to a button. 


Various fluxes have been used in melting aluminum without having _ 
been especially mentioned in connection with borings. 

Guertler® mentions a mixture of sodium and potassium chlorides. 

Zinc chloride, a mixture of sal-ammoniac (ammonium chloride) 
and common salt, as well as saltpeter (potassium nitrate) are all 
mentioned.4 

Schultz ¢ also reports favorably on the use of saltpeter in melting 
aluminum alloys to get sound castings. It seems remarkable that 
the addition of so strong an oxidizing agent to so readily oxidizable 
a metal should be beneficial, and the most plausible explanation is 
that the gas given off by the decomposition of the saltpeter stirs the — 
metal and is carried off with the other and harmful gases previously — 
dissolved in the metal. Saltpeter has not been advocated for use on 
chips. Sal ammoniac alone is also used./ 

Gleason 9 melts aluminum under a flux composed of 3 parts fluor- 
spar and 1 part anhydrous boric acid. Mellen” uses a flux consisting 
of salt and sulphur. 

Desch* mentions borax, which melts at about 650° C., and 
anhydrous carnallite (equimolecular amounts of potassium and 
magnesium chlorides), which melts at about 450° C., as forming suit- 





a Zavelberg, A., U. S. Patent 1136304; German Patents 226257, Feb. 23, 1908; 276364, Aug. 6, 1913° 
Chem. Abs. vol. 9, 1915, p. 594. 

b Richards, J. W., Aluminum its properties, metallurgy and alloys, 1890. p. 80. 

e Guertler, W., Metallographie, Bd. 2, Heft 1, 1913, p. 39. 

d Editorial, Flux for aluminum alloy—problems of the brass foundry: Foundry, vol. 41, 1913, p. 420. 

e Schultz, F., In discussion: Trans. Am. Inst. Metals, vol. 8, 1914, p. 132. 

f Carritto, J. P., Making McAdamite metal; Foundry, vol. 41, 1913, p. 421. 

9 Gleason, E. D., U.S. Patent 1076973, Oct. 28, 1913. 

h Mellen, G., U.S. Patent 1092935, Apr. 14, 1914. 

7 Desch, C. H., Metallography, 1910, p. 106. 
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able protecting layers for low-melting alloys. The melting point of 


the eutectic mixture (2KCI.LiCl) of potassium and lithium chlorides 
is given 7 as 350° C. and that of the lowest melting mixture of NaCl 
and LiCl (27 per cent by molecular weight of NaCl, 73 per cent 


LiCl) as 550° C. 

Burgess ® gives the melting point of an equimolecular mixture of 
NaCl and KCl as about 650° C. 

A flux recently put on the market at 25 cents per pound is said by 
its introducers to act as a molten cover to protect the metal from the 
air and also as a flux to dissolve impurities from the melt. The 


_ directions state that 1 pound of flux should be used to 250 pounds of 


metal and scattered over the cold metal as much as possible, so that 


the metal will be protected while being heated. After all the metal 
is melted it should be stirred with an iron rod, when the flux will come 
_ to the top, as it melts below the melting point of aluminum and rises 


as soon as the metal is melted. For running down scrap or skimmings, 


_ the flux is to be used in the same way, but more must be used than 
when clean metal is melted, the amount depending on the content 
of impurities. 


Cryolite (sodium aluminum fluoride) is sometimes used as a flux 


in running down borings, as this is the main constituent of the elec- 


trolyte used in the reduction of aluminum, and aluminum oxide is 


quite soluble in it. The melting point of cryolite (about 980° C.) is 


high for the purpose, and various substances might be added to lower it. 
In the direct testimony of A. H. Cowles before the Circuit Court of 
the Northern District of Ohio, May 6, 1899, C. M. Hall is quoted as 


stating that KCl and NaCl fluxes do not dissolve oxides and other 
dirt from aluminum, but fluorides do.° 


Wright ¢ states that the electrolyte used in the production of alu- 
minum is composed of cryolite (AIf,NaF), aluminum fluoride, and 


 fluorspar in the proportions of about 16 per cent CaF, 28 per cent 


(AIF NaF), 56 per cent ALF,, the All’, being made by treating bauxite 


with HF. This is evidently taken from the United States patent 


400667 of C. M. Hall, whose various patents Nos. 400665, 400666, 
400667, and 400766 cover AIF, plus fluorides of Na, K, Li, and Ca. 
Pascal ¢ intimates that cryolite and fluorspar are both used in the 


electrolyte. He finds that the eutectic mixture of Cal’, and ALO, 


_ @Zemezuzny, S., and Rambach, F., Schmelzen des alkali Chloride: Zeit. anorg. chem., Bd. 65, 1910, 
 p. 403. 


b Burgess, G. K., The measurement of high temperatures, 1912, p. 451. 
‘ See also bawies. A. H., The solubility of alumina in a bath of fused fluorides: Met. and Chem. Eng., 
Vol. 11, 1913, p. 177. 
d Wright, J., Electric furnaces and their industrial applications, 1908, pp. 186-187. 
e Pascal, P., Die Elektrometallurgie des Aluminum, Das terufre System Tonerde-Fluorite-Kryolith: 


 Ztschr. Electrochem., Bd. 19, 1913, p. 610. Pascal, P. and Jouniaux, M., Etudes physico chimiques sur 
| LP électrometallurgie de ’ aluminum: Rev. met., t. 11, 1914, p, 1069; Bull. soc. chim. France, t. 15, 1914, 
- p. 312; Chem. Abs., vol. 7, 1913, p. 2904, vol. 8, 1914, pp. 2529, 3269. 
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contains 27 per cent Al,O, and melts at 1,270° C, whereas Lorenz @ 
finds that it contains 33 per cent Al,O, and melts at 940°C. Hence 
fluorspar a solvent for alumina. 

Pascal finds a ternary eutectic for Erroll fluorspar, and alumina 
at the proportions 59.3 per cent cryolite, 23 per cent fluorspar, and 
17.7 per cent alumina—a mixture which melts at 868° C. 

However, in the published accounts ° of laboratory experiments for 
making aluminum, natural cryolite, without the use of CaF, or AIF,, 
seems to be the Bleen olate used, 





Neumann and Olsen mention a mixture of 8 parts cryolite to 1 of - 


NaCl, and also appear to have added some AIF, to the electrolyte 
in some tests. The addition of NaCl to fluorides in the manufacture 
of aluminum is also mentioned by Minet.© A mixture of 40 parts 
AIF, and 60 parts NaCl, another of 20 to 50 parts cryolite and 80 
to 50 parts NaCl, and still another of 35 parts AIF, 10 parts NaF, 
and 55 parts N aCl are suggested. 

Plato ¢ states that a mixture of 60 parts KCl and 40 parts KF 


melts at about 610° C., and a mixture of about 86 parts CaCl, and — 


14 parts CaF, melts at about 650° C. 

That fluorspar was a flux for Al,O, was stated by Mierzinskié as 
far back as 1855, and fluorspar is Rew to be a good flux for silicates, 
such as the dirt in most dirty borings doubtless is. 

Fedotieff and Iljinsky’ find that the eutectic mixture for NaF 


and AIF, consists of 36.5 per cent NaF and 63.5 per cent AIF, by 
weight and melts at 685° C. For the manufacture of aluminum — 


they recommend a mixture of the formula 5NaF.AIF,; this mixture 
has a lower specific gravity than the eutectic, but has to be run at 
900° C. in order that the metal may, separate well. The use of CaF, 


is not advised, as its specific gravity is even higher than that of | 


aluminum. A mixture consisting of 85 parts CaCl, rane 15 parts CaF, © 
that melts at about 650° to 660° C. and has a specific eravity of 2.5, 
slightly higher than that of molten aluminum, is mentioned by 
several workers 9 on the electrolytic production of calcium. 





a Lorenz, R., Jabs, A., and Eitel, W., Beitrige zur Theorie der Aluminumdarstellung; Ztschr. anorg. © 


Chem., vol. 83, 1913, p. 39. 
b Riceaanes H. K.,Some observations on the laboratory production of aluminum: Trans. Am. Electrol 
chem.Soc., vol. 19, 1911, p. 159; Thompson, M. DeKay, The electrolytic reduction of aluminum asa 


ichoraoeye experiment: Electrochem. and Met. Ind., vol. 7, 1909, p. 19; Tucker, S. A., The preparation of 


aluminum in the laboratory: Electrochem. and Met. Ind., vol.7, 1909, p. 315; Neumann, B., and Olsen, H., 


Production of aluminum as a laboratory experiment: Electrochem. and Met. Ind., vol. 8, 1910, p. 185: 


Haber, F.,and Geipert, R., Versuche uber Aluminumdarstellung: Ztschr. Elektrochem. Bd. 8, 1902, p. 1; 
Borchers, W. , Electric smelting and refining, translated by McMillan, W. G., 1904, p. 148. 
¢ British Fatant 10057, July 18, 1887. 


if 


d Plato, W., Erstarrungserscheinungen an anorganischen Salzen und Salzgemischen: Ztschr. phys. 


Chem. Bd. 58, 1907, pp. 362, 364. 

e Mierzinsxi, S., Die Fabrikation des Aluminum und der alkaline Metalle, 1855, p. 56. 

f Fedotieff, P. P., and Iliinsky, W., Beitriige zur Elektrometallurgie des bAderiinasies Ztschr. anorg. 
Chem., vol. 80, 1913, p. 113. 


a. 


9 Ruff, O., and Plata, W., Zur Darstellung des Caleciums: Ber. deut. chem. Gesell., Jahrg. 85, 1902, p. — 
3612. Woelter, P., Darstellung von metallischen—Calcium {fiir Laboratoriumszwecke; Ztschr. Elek- 


trochem., Bd. 11, 1905, p. 612. Biirgel, C., Uber die elektrolytische Gewinnung des Calciums: Ztschr. Elek- 


trochem., Bd 14, 1907, p. 31. 
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Arndt and Loewenstein? show that molten CaCl, can dissolve 
3 per cent SiO, at 820° C., 5.5 per cent at 900° C., and 7.5 per cent at 
950° C., and that its specific gravity at 800° C. 1s 2.05 and at 900° C. 
is 2.00. 

Moldenhauer and Anderson® give 630° C. as the melting point of 
the two lowest melting mixtures of CaCl, and KCl, one consisting of 
85 parts CaCl, and 15 parts KCl, and the other, 40 parts CaCl, and 
60 parts KCl. 
| It is therefore seen that there are a number of possible mixtures 
of alkali and alkaline-earth chlorides and fluorides having compara- 
tively low melting points that might serve as a molten cover or flux 
In melting aluminum chips. Salts of heavy metals are not promis- 
ing, on account of the reduction of the salts to metal by aluminum, 
and the salts of few other acids are sufficiently stable at the necessary 

temperature. 
. BRIQUETTING BORINGS. 

Again it has been suggested that the borings be briquetted, the 
theory being that in this way the air held by the loose borings is 
eliminated and the borings put in such shape that they may be 
readily charged and submerged below the surface of a heel of molten 
‘metal. 

Such briquets, if made under very heavy pressure, are almost as 
‘solid, when cold, as ingot metal. Sperry’ advocates this treatment, 
and says— 

In the treatment of aluminum chips this process is particularly important as this 
metal, more than any other commercial one, is difficult to treat’ in such a form. 
When briquetted, the melting would become a simple operation and the resulting 
‘Metal would be worth using. Metal now made from aluminum chips is of the poor- 
est quality. 

It is claimed? that borings that gave but 50 per cent recovery 
when melted loose gave 85 per cent when briquetted, whereas Hirsch¢ 
states that in melting aluminum borings loose borings were melted 

in 50 minutes per crucible (capacity not stated), with a loss of 13.8 
‘per cent; but briquetted borings lost only 8.1 per cent and melted 
in 35 minutes. 

Two properties of finely divided aluminum must be taken account 
of in any successful method of melting chips. First, the readiness 
with which aluminum oxidizes, and second, the difficulty with which 
tiny globules of molten aluminum coated with a film of oxide or 
dirt coalesce. 

-a@Arndt, K., and Loewenstein, W., Uber Losungen von Kalk und Kieselsiure in geschimolzenem 
Chlorcalcium; Ztschr. Elektrochem., Bd. 15, 1909, ». 784. 
6 Moldenhauer, W., and Anderson, J., Ober die elektrolytische Darstellung von calcium Legierungen 
‘und Calcium; Ztschr. Electrochem., Bd. 19, 1913, p. 444. 

¢ Sperry, E. S., Briquetting metal chips: Brass World, vol. 7, 1911, p. 41. 
@Anon., Briquetting metal turnings and borings: Engineering, vol. 94,1912, p. 737; Jour. Inst. Metals, 


Vol. 9, 1913, p. 246. 
| €Hirsch, E. F., Metall-briketts: Elektrotech. Ztschr. vol. 35, 1914, p. 1093. 
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OXIDATION OF ALUMINUM. 


Magnesium powder is the main constituent of many photographie 
flash-light powders; aluminum powder 1s also largely used for this pur- 
pose and, when suitably heated in the air, burns with explosive violence. 
Because of its rapid oxidation, finely divided aluminum is used in 
illuminating bombs and range-finding shells for night use in warfare. 


The affinity of aluminum for oxygen is so great that aluminum 


powder, when mixed with the finely divided oxide of the metal it is 


desired to reduce and the mixture heated in one spot by a suitable 
primer, reacts with great violence, forming molten aluminum oxide 
and the metal desired. This is the well-known thermit reaction so 
much used for the production of difficultly reducible metals, and_ 


which produces probably the highest temperatures attainable by 
man, save those of certain electric furnaces. 


Finely divided aluminum, mixed with an oxidizing agent such as 
ammonium nitrate, whose decomposition products are gaseous, has 


been suggested as an explosive for miners’ use.4 


Aluminum oxide is not reducible to the metal by carbon, even in 
the electric furnace, only a carbide being formed save in dhe pres- 
ence of another metal, as in the Cowles process for the manufacture 
of aluminum bronze. To reduce the oxide, one must use electrolysis” 
in a fused electrolyte. Aluminum chloride is reducible by metallic 


sodium or potassium. 


Echevarri® states that in ordinary melting of ingot the metal 
should not be heated above 725° C. (1,330° F.), as at that temperature 


aluminum readily oxidizes with the oxygen of the air. 


NITRIDATION OF ALUMINUM. 


Not only does the oxygen of the air but also the relatively inal 
nitrogen combine with finely divided, highly heated aluminum. 


Several workers ¢ find that 1f aluminum powder is heated in a current 


of nitrogen to a temperature of about 700° C. the temperature rapidly 
rises, even to 1,300° C. in the interior of the mass. Matignon 4 states” 


that a temperature of even 2,000° C. is reached, with the formation 


of aluminum nitride, which coats the tiny globules so that they do - 


not coalesce. 
Zappi © has noted that the more finely divided metallic aluminum 
is, the greater the protective effect of the oxide coat, as large pieces: 


a Sesti, G., Italian Patent 133882, Aug. 7, 1913 Chem. Abs., vol, '. 1915, p. 1285. 
b Echevarri, J. T. W., Aluminum and some of its metals used: Jour. Inst. Metals, vol. 1, 1909, p. 128. — 


c Shokoff, I., Aluminum nitride: Jour. Russ. Phys. Chem. Soc., vol. 40, 1908, p. 457; Sci. Abs., vol. eg 


1910, p. 517; Wolf, J., Zur Darstellung von Aluminiumnitride aus den elementen: Ztschr. anorg. Chem., 
Bd. 83, 1913, p. 159; Fichter, F., Uber Aluminiumnitride: Ztschr. anorg. Chem., Bd. 54, 1907, p. 324; Fichter, 
F.,and Spengel, A., Die Reactionen des Aluminiumnitride: Ztschr. anorg. Chem., Bd. 82, 1913, p. 192. 

é Matiznon, (OH , Bynthesis of ammonia by means of aluminum nitride: Jour. Franklin Inst., vol. 178, 
1914, p. 794. 


e Zappi, E. V., Action of metals on chloride of carbon: Anales soc. quim. Argentina, vol. 2, 1914, p. 217; 4 


Chem. Abs., na 9, 1915, p: 2117. 
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of metallic aluminum react with carbon tetrachloride at 100° C., 
while aluminum powder does not react at 280° C. 

Vickers * states that in melting borings under a heel of molten 

metal considerable nitrogen is absorbed, which will produce minute 
pinholes in the castings. He states that 0.5 per cent nitrogen will 
reduce the strength of aluminum alloy one-half, that it is practically 
impossible to prevent the absorption of nitrogen in melting turnings, 
and that the only way to remove the nitrogen is to add titanium. 
Rossi ® claims that the addition of titanium to aluminum removes 
both nitrogen and carbon as titanium nitride and cyanonitride. 
_ Sperry ° states that aluminum absorbs nitrogen while melting. It 
is also reported ¢ that the higher the temperature to which the metal 
is heated the more nitrogen is taken up. On the other hand, Fichter ¢ 
states that no nitride is formed in melting large masses of aluminum, 
even if nitrogen be blown into the melt. 

In unpublished experiments of H. 5. Bennett, of Cornell University, 
nitrogen was bubbled through 7 pounds of molten pure aluminum 
held at 960° C. to 1,010° C. for 70 minutes. Physical tests Gncluding 
the ‘“‘hot shortness” test 4) showed no change in properties, although 

analysis indicated the presence of traces of nitrogen. 

_ Carpenter and Edwards 9 found a nitrogen content ranging from 

nothing up to 0.0055 per cent in some of the aluminum used by them. 
The chief chemist of a large aluminum company states that he has 
never found over 0.001 per cent. One laboratory states that alum- 
inum may contain from 0.0024 to 0.06 per cent. On two samples of 
a lot of new ingot metal suspected of containing nitrogen, one labora- 
tory found 0.0571 and 0.0376 per cent, whereas a very careful analyst 

working on duplicate samples of this lot found only 0.0007 and 

0.0004 per cent, and in another lot known to have been very strongly 

overheated he found 0.0004 per cent. 

Inasmuch as aluminum nitride does not appear to be soluble in 

metallic aluminum, it seems probable that if any nitride really exists 
in ingot refined from borings, it is mechanically included, although 
Tchijerski” claims that aluminum nitride can form a solid solution 
with iron. However, nitrogen is absorbed in melting borings or in 
remelting skimmings, when finely divided metal is present and the 
mass is heated very hot. A nitrogen content that would correspond 
@ Vickers, C., How to melt aluminum turnings and borings: Foundry, vol. 41, 1913, p. 119. 
_ b Rossi, A. J., U. S. Patents 1,056,125, 1,085,488, 1,104,371. 

¢ Sperry, E. S., Notes: Brass World, vol. 8, 1912, pp. 134, 270. 

dé Anon: Some hints on the melting of aluminum: Castings, vol. 11, 1911, p. 2. 

e Fichter, F., Uber aluminiumnitride: Ztschr. anorg. Chem., Bd. 54, 1907, p. 324. 

- fNorton, A. B., A ‘‘hot shortness’’ testing machine for aluminum alloys: Trans. Am. Inst. Metals 
vol. 8, 1914, pp. 124-127. 

g Carpenter, H. C. H., and Edwards, C. A., Eighth report to the Alloys Research Committee: Proc. 
' Inst. Mech. Eng., 1907, p. 57. 


h Tchijerski, N. P., Iron and nitrogen: Rev. Soc. Russ. Met., vol. 1, 1913, p. 127; Science Abs., vol. 18, 
| 1915, p. 256; Rev. met., t. 11, 1915, p. 617. 
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to 15 per cent AIN has been found in the dross taken off in the re-~ 
melting of skimmings, a little ZnCl, being used as flux. 

Richards ¢ has called attention to the fact that the dross skimmed ~ 
off of molten aluminum gives off ammonia in moist air, owing to the 
formation of aluminum nitride. : 

On the absorption of nitrogen by mixtures of alumina and carbon 
at high temperatures are based several processes for the fixation of 
atmospheric nitrogen, such as those of Serpek, who aims to produce 
aluminum nitride, and of Peacock, who aims to produce a carbo- 
nitride. Whatever be the exact product or the reaction that takes 
place in refining borings, it is certain that both the oxygen and 
nitrogen of the air enter into the formation of the dross. It is also 
stated © that in melting aluminum in graphite crucibles, if the metal 
is allowed to become very hot and is then stirred so that particles of 
graphite are scraped off the crucible, some aluminum carbide will be 
formed. Whether this be true or not, there is some indication that 
minute traces of some carbide, whether a carbide of aluminum or of 
some impurity is not known, may be present in most aluminum, as 
the odor of a freshly fractured surface, such as that of a tensile test — 
bar, often decidedly reminds one of a faint acetylene-like odor?’ and — 
seems to be stronger on the fracture of metal obtained by remelting 
borings than on that of ordmary ingot. As aluminum carbide 
(Al,C,) with water produces methane instead of acetylene, it is — 
peculiar that so marked an odor should be present if the carbide is 
one of aluminum itself. 


COALESCENCE OF MOLTEN ALUMINUM GLOBULES. 


Whether the globules formed when finely divided aluminum is_ 
melted are covered with a thin film of oxide, or mixed oxide and 
nitride, or possibly carbide, or with fine dirt, they do not coalesce’ 
readily, but remain as distinct globules, something like drops of water 
on a dusty table. If a mass of these coated globules could be pic- 
tured the mass would show a honeycomb-like formation with the 
drops of molten metal as the honey and the film of dirt and oxide as _ 
the comb. In other words, there is an emulsion of a solid (the film) ~ 
and a liquid (the metal). If this emulsion is not entirely broken up 
and the metal freed from the enveloping film, the whole mass of — 
oxide and dirt with the inclosed metal will be skimmed off from what 
metal has coalesced in the bottom of the crucible. As soon as air 
strikes this mass of hot porous dross, as it does when the dross is 
skimmed off, the tiny metallic globules entangled in the dross oxidize 
at once. The heat of the reaction is so great that a layer of such 


b Anon., Aluminum melting difficulties: Foundry, vol. 42, 1914, p. 73. 
¢ See Beckman, J. W., In discussion: Trans. Am. Electrochem. Soc., vol. 19, 1911, p. 177. 





METHODS OF MELTING ADVOCATED IN THE LITERATURE. 23 


dross a few inches thick put on an iron plate a quarter of an inch 
thick will rapidly burn a hole through the iron. 

Fairly large borings free from dirt form comparatively large 
globules, which can by their own weight break through the envelop- 
ing film of oxide, coalesce well, and melt down without much loss. 
But the smaller borings, that will pass a 20-mesh sieve and may have 


-a thickness of but 0.005 inch or less, form, it will be seen, almost 


microscopic globules when melted, the weight of which is not suffi- 
cient to break through even the very thin film of gxide, to say nothing 


of adhering dirt. 


Skinner and Chubb ®% state that the oxide film obtained in the 


electrolytic insulation of aluminum wire which is from 0.0001 to 


_ 0.0004 inch thick will stand up without rupturing, in small coils, 


even when the coil is carrying so much current that the wire is molten 
within this extremely thin shell. 

Seligman ° and Morrison ° as well as Schoop @ state that the film 
of oxide on untreated aluminum wire, which is, of course, infinitely 
thinner than the film on the electrolytically insulated wire, prevents 


two wires from welding together without the use of a flux to dissolve 


the oxide and give true metallic contact. 
In ‘‘calorizing”’ iron or steel—that is, coating it with a film of 


- aluminum and aluminum oxide—the piece to be calorized is packed 


in a mixture of 5 to 50 parts powdered aluminum, 94 to 49 parts 


aluminum oxide, and 1 part ammonium chloride and then heated to 


900° to 950° C.,¢ or far above the melting point of the aluminum. 
~The globules of aluminum do not coalesce. 


ANALOGOUS PROBLEMS IN COALESCENCE OF OTHER METALS. 
MERCURY AND TIN. 


The failure of the aluminum to coalesce is similar to the behavior of 
floured or sickened mercury, globules of which when coated with 


talc, graphite, grease, or other materials of that nature, coalesce with 


the greatest difficulty Another case where coalescence of particles 
of a metal is inhibited by a network of foreign material about them 


is in fusible tin boiler plugs, where Burgess and Merica 9 find that a 


little tin oxide may prevent the blowing out of a boiler plug even 


after the tin is all melted. 





a Skinner, C. E., and Chubb, L. W., The electrolytic insulation of aluminum wire: Trans. Am. Electro- 
chem. Soc., vol. 26, 1914, p. 137. 

b Seligman, R., The welding of aluminum: Jour. Inst. Metals, British, vol. 2, 1908, p. 281. 

¢ Morrison, W. M., Discussion: Jour. Inst. Metals, British, vol. 1, 1909, p. 150. 

@Schoop, M. V., Autogenous welding of aluminum: Electrochem. Met. Ind., vol. 7, 1909, p. 151. 

e¢ Ruder, W. E., Calorizing metals: Trans. Am. Electrochem. Soc., vol. 27, 1915, p. 254. 

7? See Gowland,W., The metallurgy of the nonferrous metals, 1914, p. 305. 

9 Burgess, G. K., and Merica, P. D., An investigation of fusible tin boiler plugs; Jour. Wash. Acad. 
Bci., vol. 5, 1915, p. 461. Trans. Am. Inst. Metals, vol. 9, 1915. Adv. copy 3 pp. 
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BLUE POWDER. 


A closer analogy, however, is that of the difficultly meltable “blue 
powder” obtained in zinc smelting. Blue powder, according to the 
general consensus of opinion, consists of tiny globules of zinc which, 
as they condense from the retort, become coated with a thin film con- 
sisting mainly of zinc oxide with perhaps some silica. | 

The presence of an oxide coating on the particles of blue powder 
is an advantage for one particular purpose, that of sherardizing, since 
this coating prevents the coalescence of the zine dust, which is in this 
case undesirable. Hence, according to Trood,® zinc oxide in a zine 
dust for sherardizing purposes should not be below 8 per cent. 

Roeber? distinguishes between physical blue powder, or zine snow, 
which is finely divided pure zinc free from any coating and according 
to Hansen ° can be easily remelted, and chemical blue powder, which 
is finely divided zinc coated with oxide and silica and can not be 
remelted without great loss. 

Ingalls? Johnson,’ Lyon and Keeney,’ and West,? explain the 
formation of anoltable blue powder in similar ways. 

Peterson’ states, however, that blue powder has the same chemical 
analysis as spelter, the difference being merely a physical one, and 
that attempts to melt blue powder in open vessels fail because of 
oxidation during the heating, before consolidation can take place. 

Bleeker,’ on the other hand, states that blue powder contains but 
80 to 95 per cent of metallic zinc, the rest being oxide, with traces 
of other impurities as well. 

Ingalls / gives analyses showing the presence of 7.5 to 10 per cent 
of zinc oxide, on the average. 

By putting blue powder into fused zinc chloride held at a tempera- 
ture above the melting point of zinc, Bleeker found that some of the 
zinc coalesced, and that on passing a direct electric current through 
the molten bath the suspended zinc particles migrated to the cathode 
and coalesced. The recovery was over 100 per cent, owing to electro- 
lysis of the zinc chloride. 

Peterson* got promising results by this method. He also tried 
putting blue powder in an iron cylinder with notches, corresponding 

a Trood, S., Sherardizing: Trans. Am. Inst. Metals, vol. 9, 1915. Advance copy, 11 pp. 

6 Roeber, E. F., Editorial, Met. and Chem. Eng., vol. 10, 1912, p. 451. 

¢ Hansen C. A., In discussion, Trans. Am. Electrochem. Soc., vol. 24, 1913, p. 138. 

d Ingalls, W. R., The electric smelting of zinc ore: Met. and Chem. Eng., vol. 10, 1912, p. 482. 

e Johnson, W. McA., The art of electric zinc smelting: Trans. Am. Electrochem. Soc., vol. 24, 1913, p. 
191. Met. and Chem. Eng., vol. 13, 1915, p. 763; U. 8. Patent 1,150,271, Aug. 17, 1915. 

f Lyon, D. A. and Keeney, R. M., Possible applications of the electric furnace to western metallurgy: 
Trans. Am. Electrochem. Soc., vol. 24, 1913, p. 138. 

g West, T., Determination of oxygen in copper and brass: Jour. Inst. Met., vol. 10, 1913, p. 379. , 

hk Peterson, P. E., The electric zinc furnace: Trans. Am. Electrochem. Soc., vol. 24, 1913, p. 231. 

¢ Bleeker, W. F., An pO method for the reduction of blue powder: Trans. Am. Electrochem. © 
Soc., vol. 21, 1912, p. 359. 


{ Tagalls, W. R., The metallurgy of zinc and cadmium, 1903 ed., pp. 205, 529. 
k Peterson, P. E., Loc. cit. 
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to tap holes, in the bottom, placing an iron plunger actuated by a 

screw on top of the powder, heating the whole to 600° to 700° C., 
‘and applying pressure with the plunger. In this way he was able to 
‘break the film of oxide and make the zinc globules coalesce, getting | 
||a recovery of 80 to 85 per cent. 

Peterson’s furnace is merely a modification of the old Montefiore 
furnace for the melting of blue powder, described by Ingalls. This 
furnace contained upright boot-shaped retorts into which 40 to 50 
pounds of blue powder was charged, a clay piston weighted with an 
iron bar being put on top of the powder in the leg of the boot to sup- 
ply pressure to break the oxide film. The metal ran out from the 
toe of the-boot. The yield was 85 per cent to 86 per cent, but the 
metal occluded a good deal of oxide and was hence of poor quality, 
so that the use of the furnaces was generally given up in favor of 
redistilling the blue powder. | 

Cote and Pierron ? suggest a continuous furnace for the melting of 
‘blue powder, in which the powder is fed into a horizontal cylinder | 

within which rotates a solid eccentric cylinder, smooth on one side 
and bearing helically arranged flanges on the other. The smooth 
side almost or quite touches the interior of the hollow cylinder and ] 
exerts pressure on the mass of blue powder. | 
The flanges act as a screw conveyor to move the material from the | 
hopper opening at one end to the discharge opening at the other. 
The blue powder is mixed with a suitable flux and fed into the hollow | 
cylinder, which is kept at 450° to 500° C. (30° to 80° above the melting 
point of zinc) by various means, among which electrical heating is men- 
tioned, triturated by the inner cylinder and agglomerated into semifluid 
masses in which the tiny globules have coalesced into much larger ones, 
and which may therefore be remelted and the oxide released. _ 

It is stated in the patent that from blue powder containing 85 | 
per cent of metallic zinc 80 per cent of the metal, or 68 per cent of the | 
original blue powder, may be recovered, even in a ‘‘poor apparatus,” . 
and that under good conditions the whole of the metal content may | 
be recovered. As fluxes, sodium, potassium, and calcium chlorides, 
carnallite, zinc chloride, and sodium and potassium chlorozincates, 
or mixtures of these, are mentioned. A flux consisting of 60 per cent 
of NaCl and 40 per cent CaCl,, used in the proportion of 15 to 20 per 
cent of the weight of the blue powder, is recommended. 

No information is at hand as to whether or not this furnace has 
proved commercially successful or as to the maintenance cost. 

Richards¢ states that one of the difficulties in the electrolytic refining 
of zinc is the deposition of spongy zinc, which loses 20 to 25 per cent on 
remelting, though this loss is decreased by using sal ammoniac as a flux. 

















@ Ingalls, W. R., The metallurgy of zinc and cadmium, 1903 ed., p. 527. 
6 Cote, E. F., and Pierron, P. R., French Patent 458111, July 29, 1912. 
¢ Richards, J. W., The electrolytic deposition of zinc: Trans. Am. Electrochem. Soc., vol. 25, 1914, p. 281. 
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Thierry * states that attempts made to melt blue powder with 


sal ammoniac result in a loss of zine and present numerous difficulties 
so that the method had not been used in commercial practice. 

He further states that in order to make the powder coalesce on 
melting it is desirable to remove the oxide coating by adding just 
sufficient hydrochloric acid to dissolve the oxide, without leaving 
any excess acid to act on the metallic zinc, the proper amount of 
acid being determined by analysis. The cleaned powder is then com- 
pressed to remove the solution, and the blocks melted down out of 
contact with air. Information as to the commercial operation of 
this process is lacking. 


SUMMARY OF METHODS SUGGESTED. 


The methods suggested in the literature for melting aluminum chips 
and for the analagous problem of melting “‘blue powder”’ fall into 
the following general classes: 

1. Feeding the chips back into the aluminum reduction pots and 
subjecting the melt to electrolysis. 

2. The use of a flux, or, more strictly, a molten cover, melting at 
or below the melting point of aluminum or of the alloy to be remelted, 
in order to exclude air in ordinary furnaces. 

3. The use of a true flux that will dissolve aluminum oxide and dirt. 

4. Exclusion of air by stirrmg the chips into a previously molten 
‘heel’ of aluminum in an ordinary furnace. 

5. Exclusion of air by the use of a vacuum furnace or a retort fur- 
nace, or by utilizing the stored heat in the walls of a previously heated 
furnace. 

6. Briquetting the chips while cold in order to.press adjacent chips 
closely together and thus make coalescence more easy, to reduce the 
amount of air held by the borings, and to permit easy poking of the 
borings down under the surface of the molten metal. 

7. Subjecting a mass of chips to pressure while melting to promote 
coalescence, or subjecting it both to slight pressure ial to constant 
stirring, as in the puddling method. 

8. Promoting coalescence by stirrmg a volatile material such as 
NH,Cl, ZnCl,, or AICl,, which vaporize at 350°, 730°, and 183° C., 
respectively, into the mass of globules of metal mixed with oxide and 
dirt. The gas evolved lifts the particles and stirs them so that some 
of the tiny globules may come into metallic contact and coalesce. 
There is also a possibility that the nascent chlorme formed by the 
dissociation of the substances may react with the oxide film to form 
the chloride and thus clean the surface of the globule. 

9. Cleaning the surface of the chips with chemical solutions before 
melting. 


a Thierry, C. V., U. S. Patent 1030351, June 25, 1912. 
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METHODS USED COMMERCIALLY IN MELTING CHIPS. 


Seligman ® states that in British practice, as a rule, no flux is 
used in remelting chips and that the loss is high because of the high 
temperature needed to free the metal from the dross. He does not 
consider the use of NH,Cl or ZnCl, to be of much value and states 
that the use of ZnCl, particularly with pure aluminum, is disadvan- 
tageous, as it contaminates the metal with zinc. He has obtained 
nearly perfect recovery by adding fine scrap and turnings to the 
reduction pots, but the impurities are likely to upset the bath. He 
has had good recoveries when using low-melting fluoride-containing 
fluxes similar to the Schoop flux for welding, even getting ingot 
from aluminum powder, but such fluxes attack the crucible. 


" PRACTICE AT AN AMERICAN PLANT. 
CRUCIBLE METHOD. 


In the practice of one American refining company borings have 
been melted in various ways, first in coke, pit furnaces, with a small 
amount of common salt as flux, and later with No. 250 crucibles in 
either coke or oil-fired pit furnaces. The crucibles were charged 
with borings and set into the furnace. When the borings became 
pasty—that is, when the metal melted but had not yet broken 
through the skin of oxide plus dirt that had formed about each 
chip—the mass was poked down with a stirrer and more borings 
added through a long sheet-iron funnel. This was repeated until 
the crucible was full of molten metal and dross. A little sal ammo- 
niac (commercial ammonium chloride) was added from time to time 
as the metal was poked and stirred. If the dross seemed free from 


metallic particles, some of it was taken off with a skimmer during 


the process of melting, so as to give more room in the crucible. It 
was considered that the more often the metal was poked down, so 
as to break the oxide film inclosing the particles, the better would 
be the results. At the end of the melt the pot was pulled from the 
fire, and more sal ammoniac was added and stirred and poked well 
into the dross, a total weight of sal ammoniac equal to about 1 per 
cent of the weight of borings used being the usual quantity added. 
The dross skimmed off in this method was usually somewhat 
caked together, still contained small globules of molten metal, and 
was very hot. As soon as it was exposed to the air, violent oxida- 
tion, much like the thermit reaction, set in, and the mass glowed 
with an almost blinding light. If the dross was not spread out 
thinly, so as to cool rapidly, or else covered thickly with sand, so 
as to exclude the air, it would get hotter and hotter, evidently from 
the oxidation and nitridation of the metallic aluminum still con- 


@ Seligman, R., in personal letter to G. M. James, March, 1915. 
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tained in it. When a pile of this dross a few inches thick was put 
on a 4-inch iron plate, it would melt a hole through the iron in a 


short time, and the pile would glow for hours. The dross, when put — 


into water or allowed to stand in moist air gave off ammonia. 

After the dross had been skimmed from the surface of the metal 
and any adhering below the surface to the walls or bottom of the 
crucible had been loosened and skimmed off, the metal was cooled 


by adding some solid ingot poured from a previous melt, as it was 


so hot that if poured without cooling the ingot would have a poor 
surface appearance. 
It was necessary to get the metal very hot, as otherwise even the 


larger globules of metal held by the dross would not be fluid enough. 


to break through the enveloping dross and coalesce. 


MELTING IN IRON POTS, WITH PUDDLING AND ZINC CHLORIDE FLUX. 


This firm has lately changed from crucible melting to iron-pot 
melting. the new furnaces being similar to those commonly used in 
aluminum foundries, where it 1s now more common to melt alumi- 


num alloys in cast-iron pots than in crucibles. The net metal loss — 


in melting ingots for casting in iron pots is not over one-third of 
1 per cent, if reasonable care is taken, when the recovery of metal 


made on remelting the skimmings from the first melting is taken © 


account of. 

The furnace used is cylindrical, lined with fire brick, and covered 
by a heavy iron plate with a hole in it, into which the pot sets, a 
flange at the edge of the pot holding it suspended in the furnace. 
The furnace is not sunk in a pit, but stands about 34 feet high above 


the floor. The furnace is fired with oil, the flame from the burner q 


entering the combustion chamber below the pot through a hole in 
the furnace shell and the waste gases being taken off through a port 


in the shell near the top. The furnace is usually not tilting, and 


the metal is ladled out, but tilting furnaces using iron pots have 
recently come into use for melting ingot. In such furnaces the 
products of combustion do not sweep over the surface of the metal, 
as they do in a pit furnace, and the metal loss in melting ingot alu- 
minum alloy is less than in crucibles in a coke fire. Resting on the 


top of the furnace is a sheet-iron cylinder, with a wide door in the ~ 


front leading into a conical hood, which takes the fumes from the 
cutting oil and other impurities and the volatile fiuxes off to a short 
sheet-iron stack. 


A few borings are put into the pot and heated, with constant stir-_ 
ring, until they become pasty or semifluid. More borings are then — 


added to the mass, which is not allowed to become really molten, 
but is kept mushy. The borings are puddled all the time, a furnace 
tender being required for each furnace. The flame, the stirring, 
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and the feeding of borings are all-so regulated that at no time is 
the metal allowed to become even faintly red. 

If the flame is run too high, if the stirring is not sufficient, or if 
the borings are fed in too fast for proper stirring, oxidation will 
start in the mass and the temperature will rise rapidly, with conse- 
quent increased oxidation and further rise in temperature, till nearly 
the whole mass will be converted to oxide. Hence the charge is 
kept small enough—probably between 100 and 150 pounds—so that 
the furnace tender can keep it all constantly worked over. When 


no more borings can be added and efficiently stirred in, the pot is 


covered and the temperature raised somewhat, so as to allow the 
metal to settle and the dross to rise. Then the bottom and sides of 


the pot are scraped free from dross and about 2 per cent of fused 


ZnCl, is stirred vigorously into the dross on top. After the zinc 
chloride has volatilized the dross is taken off with a perforated skim- 
mer. Each skimmerful is allowed to remain in the air only the 
shortest possible time, the dross being at once dropped into an iron 
tank partly full of water. Much ammonia is evolved as the nitride- 
bearing dross reaches the water, and some inflammable gases, prob- 
ably hydrocarbons, are also produced. With this type of furnace it 
is possible to stir the metal continuously, which was not the case 
with crucibles in pit furnaces. The vital points of the process lie in 
keeping the temperature down while the borings are being added 
and in constant stirring to promote coalescence. 

It is difficult to poke borings down into a crucible or to stir them in a 
pit fire because of the heat, the necessary length of the stirrer handle, 
and the choking fumes that arise from the oily borings and from the 
volatile fluxes used at the end of the heat. In the pot method the 


-heat is not great, the workman is only a couple of feet from the pot 


and can use his stirrer to better advantage, and the fumes are pretty 
well taken off. 

By the pit-furnace method this firm found it difficult to obtain over 
50 per cent recovery, whereas with the pot method the recoveries 
on the original material, not on the metal content, are given as follows: 
For 1913, 67.8 per cent, for 1914, 68 per cent, and for the first part of 
1915, 69.6 per cent. These figures are on material which includes a 
certain proportion of centrifuged borings. These borings are sent 
to the refining plant by an automobile company that uses a water- 
soluble cutting compound, and states that it uses a centrifugal dryer 
running at 600 revolutions per minute for drying aluminum chips. 
The dryer takes a charge of about 175 pounds and three or four minutes 
whirling reduces the liquid content in the borings to 3 to 5 per cent. 
No water is added to wash out the cutting compound. After the 
borings are centrifuged they are stored in sheds until a carload has 
accumulated, when they are sent to the refiner. The average 
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recovery on the dried borings is stated by.the company to be 85 to 86 


per cent, whereas previous to such drying the recovery on the bor- 


ings was 50 to 60 per cent. There is little dirt in these borings, as — 


the floors about the machines are kept well scrubbed. 
Before the centrifuge was used for drying the borings, if borings wet 


with the cutting compound were placed in the storage bins after a _ 


little time fumes would arise that had an odor similar to ammonia or 
smoked herring, then the borings would corrode rapidly. Now, there 
is no loss from corroding or overheated borings. Although the re- 
covery is given by the automobile company as 85 to 86 per cent on 


the borings as shipped from the plant to the refiner, the refiner states — 
that there is usually 4 to 5 per cent of iron borings mixed with the 


aluminum. ‘The iron is removed as completely as possible by passing 
the borings over a magnetic separator. Therefore the recovery on 
the actual aluminum content of the chips is about 90 per cent. 

The statement that an odor as of ammonia or smoked herring 
arose from the damp borings on standing in the air, heated only by 
the heat of reaction due to oxidation, indicated an interesting fixation 


of atmospheric nitrogen at low temperatures. Some of the cutting 


compound used was obtained and both clean millings of pure alumi- 
num and oily No. 12 alloy chips were soaked with it and allowed to 
stand in the air, and also were heated somewhat by external means, 
but no odor of ammonia or amines was noted. 


MELTING WITH ZnCl,-NaCl FLUX IN CRUCIBLES. 


Another refining plant, which deals but seldom with aluminum 
chips, reported that it had sprinkled borings with 2 per cent of a 
strong ZnCl, sdlution and added 2 per cent of dry common salt, 


and run the borings down in crucibles in coke fires, getting a recovery 
of 80 to 82 per cent, but the borings were very clean and nearly free — 


from oil or ditt. 

Another refining company which uses a reverberatory furnace is 
said to get a recovery of 80 per cent. The process is held secret and 
no details are available as to the exact method of melting, the fluxes 


used, if any, or as to the quality of borings on which an 80 per cent 


recovery is made. 
REMELTING DROSS. 


One aluminum foundry which used merely to remelt the skimmings 
taken from the regular melting pots and to sell the dross from the 
remelting at $20 per ton now washes them in a wet tumbling barrel, 
obtaining a concentrate of 800 to 900 pounds of large buttons, plus 
the adhering dross, from a ton of original dross. The concentrate is 
remelted promptly—as if left in the air it would oxidize and heat— 
and 400 to 500 pounds of ingot, worth $60 to $250, depending on 
the price of aluminum, is obtained, the saving being far greater than 


METHODS USED COMMERCIALLY IN MELTING CHIPS. 3] 


the cost of treatment. The melting is done in iron pots and sal 
-ammoniac is used as flux. The average recovery is only about 60 per 
cent of the actual metal content of the concentrate. 

In melting down aluminum grindings from the emery wheels used 
in grinding the rough castings, a recovery of about 6 per cent on the 
total weight of aluminum plus dirt (the dirt forming at least half the 
weight) was obtained by this firm, using ZnCl, as flux. The grindings 

as they come from the wheels ordinarily sell for one-half to 1 cent per 
pound. 

This firm made a few experiments on melting borings by heating 
an iron pot very hot, putting ZnCl, in the bottom and immediately 
charging all the borings the pot would hold, then heating very rapidly, 
the idea being to melt rapidly and to stir the whole mass by the 
‘rising vapor from the ZnCl,. Definite figures on this method are not 
available, but it is stated not to have been very satisfactory. 


MELTING WITH SALT AND FLUORSPAR IN CRUCIBLE COKE 
FURNACE. 


At another large refining plant the borings are passed through a 
magnetic separator and then over an inclined, vibrating, fine-meshed 
Newago screen, the screen being continually struck by a set of 
automatically operated small hammers to keep the openings from 

clogging. The borings are purchased by weight after as much as 
‘possible of the iron and dirt is thus-removed. ‘This firm has also 
experimented with various jigs, shakers, and other mechanical 

devices for separating brass borings from the aluminum borings in 
the dry way by means of the difference in specific gravities, and with 
liquation devices for removing pieces of babbitt and white metal, 
apparently without very satisfactory results. 

_ Passing the chips over a cloth through which air is blown from 
below, in order to blow out the fine dirt, has also been tried by this 
firm, but is apparently not so satisfactory as the screen. 

The borings are intimately mixed with quite large proportions, 
apparently between 15 and 30 per cent, of a flux consisting of common 
salt with a small percentage, probably about 15 per cent, of fluorspar. 
The mixture of borings and flux is charged into crucibles of about No. 
120 size and heated in coke fires. More mixture is added as soon as 

the first charge can be packed down to make room for it, until the 
crucible is full. Little stirring, aside from this packing, is done till 
the end of the heat. The temperature is raised till the flux is fluid 
enough for the metal globules to separate from it well, when the 
melt is stirred to promote coalescence of the globules, skimmed, and 
‘poured. ‘The flux and dross skimmed off are allowed to cool, crushed, 
‘leached with water, and any metallic buttons are recovered by various 
means of mechanical concentration. The chemist of this firm states 
_ that he considers the problem of melting borings as strictly analagous 
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to welding, for which a flux that will actually dissolve aluminum 
oxide and dirt, such as the fluxes made up of alkali chlorides and- 
fluorides, are essential. He chose a salt and fluorspar flux for commer- 
cial use because of its cheapness. On perfectly clean borings, of good 
size, recoveries of 95 to 98 per cent are reported by this method, but 
it is stated that with very oily and dirty borings, where a good deal 
of fine dirt, such as floor sweepings, foundry sand, or road dust, the 
latter sometimes intentionally added by unscrupulous junk dealers, 
adheres to the borings, the recovery falls to 65 per cent. 

This firm occasionally uses the same flux, but melts in a rever-— 
beratory furnace heated very hot before being charged, as much of the 
metal as possible being melted by the heat stored in the walls, but 
ordinarily prefers the crucible method, although the recovery of metal 
from the reverberatory process is said to be almost if not quite as good 
as from crucibles. 


EXPERIMENTS IN MELTING ALUMINUM CHIPS. 
GENERAL METHOD OF MAKING TESTS. 


In order to compare various methods of melting on the same lot 
of chips, two barrels of ‘‘ No. 12”’ (92 per cent Al, 8 per cent Cu) chips 
were obtained. These chips were from the milling machines and 
drills of a large automobile manufacturing company, and were thought 
by the firm supplying them to-be of such quality that on commercial 
melting in iron pots, by the puddling method, the recovery would be 
about 50 to 65 per cent, as that was the recovery usually obtained — 
by a refining company using that method, on the Pees run of bor- 
ings from this automobile nae 

The tests were necessarily on a small scale, a charge of 1 to 2 kilo- 
grams being used, in a small crucible heated in a gas-fired furnace. 

The metal was poured into small ingot, the relative weight of 
which to the original weight of borings is recorded as the “primary’”” 
yield in the tables of results. The dross, when possible, was skimmed 
into water, but if the nature of the flux made this procedure danger- 
ous, the dross was allowed to cool, was crushed, and washed in water. - 
The wet dross, with the admixed buttons of metal, was washed in a 
stream of water on a 20-mesh riddle. The buttons, if large and clean, 
were weighed without remelting; if small and with adhering dross, 
they were remelted with the same flux and in the same manner as the 
original melt. The large, clean buttons, or the ingot recovered from 
the smaller buttons, form the ‘‘secondary”’ yield. The sum of the 
primary and secondary yields is the total yield on the basis of original 
weight, that is, on the weight of borings plus oil and dirt. The total 
yield on the basis of metal content is obtained by dividing the total 
yield on the basis of original weight by the metal content of the dirty 
borings. 
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KIND OF CHIPS USED. 


_ The chips in barrel A contained about 3 per cent of oil and over 
7 per cent of very fine dirt. After the oil had been extracted with 
gasoline the material was screened; 72 per cent remained on a 
20-mesh screen, 18 per cent was between 20 and 80 mesh, and 7 per 
cent passed the 80-mesh screen. Microscopic examination of the 
material passing the 80-mesh screen showed only traces of aluminum, 
the vast bulk of it beng merely dirt, mainly siliceous, and appeared 
to be sweepings from a cement floor. Sticks, paper, peach pits, oily 
waste, chewing tobacco, and apple cores were present in both barrels. 
All of the dirt could not be sifted out, even after the oil had been 
extracted with gasoline. The metal content of barrel A was some- 
thing less than 90 per cent, but 90 per cent is taken in calculating the 
total yield on the metallic basis. On material from which the oil 
had not been extracted,so that the fine borings stuck to the larger ones, 
‘sieve tests of borings from barrel A gave the following results: 
Over 20 mesh, 80 per cent, which equals 76— per cent of metal 
plus 4+ per cent of oil and dirt; passing 20 mesh, 20 per cent, which 
equals 14— per cent of metal plus 6+ per cent of oil and dirt, figured on 
weight of original material, or the oily borings over 20 mesh contained 
about 95 per cent of metal, whereas those passing the 20-mesh screen ° 
contained about 70 per cent of metal. 

When borings from lot A from which the oil had not been extracted 
were sized on 14 and’ 40-mesh riddles the results were: 54 per cent over 
14 mesh, 42 per cent between 14 and 40 mesh, 4 per cent under 
40 mesh. . 

The chips in barrel B contained about 2 per cent oil, and on chips 
from which the oil had not been extracted a sieve test showed the 
following results: 57.5 per cent over 14 mesh, 30.3 per cent between 
14 and 40 mesh, 12.2 per cent under 40 mesh. 

The material under 40 mesh was practically all dirt, only traces of 
metallic aluminum being found in it. As about 5 per cent of oil and 
dirt could be separated from the material over 40 mesh in size, by 
extraction with gasoline and sifting on an 80-mesh sieve, the total 
nonmetal content was about 17 per cent. The metal content of 
barrel B, for purposes of computation, is taken as 85 per cent. The 
contents of both barrels had been passed through a magnetic sep- 
arator, but the removal of iron was far from complete. 


CONTROL OF TEMPERATURE. 


Control of the temperature was attempted, an iron-constantin 
thermocouple of the rod and tube type being used, but the tempera- 
tures were found to vary throughout the charge. The upper part 
of the charge would become much hotter than the lower part when 
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any oxidation was taking place in the layer of dross and globules of 
metal overlying the coalesced mass of metal, as when the furnace 
cover was removed just before taking out ve crucible and pouring. 
With fluxes that prevented any visible oxidation, the temperature 
at the bottom of the melt was often higher than that of the flux on 
top, because of the poor heat conduction in a heavy layer of molten 
flux. In the results of experiments where volatile fluxes were used 
the temperatures given are those of the upper part of the pool of 
coalesced metal, taken just below the overlying layer of dross, at the 
time the viaesall was taken from the furnace; when other Rane were» 
used the temperatures given are those of fhe layer of flux. f 


2 


MELTING WITH VOLATILE FLUXES. ~ . 


The results of a series of experiments in which aluminum borings 
were melted with various volatile fluxes were as follows: € 


Results of melting borings with volatile fluces. 


NO FLUX USED. 





Yield of metal.a 











ick: | wen, (APE 
Chips 4, eig mate : Total 
Run No. ae # Pa Saag f chips Ter eer fina ae yea yield, on 
barrel— ° used. Bey Ol il stempet i oo sie basis of _ 
weight attire based on | based on 
of chips weight | weight 7 
of chips. | of chips. ofenna 
Kilogram. Us Per cent. | Per cent. | Per cent. 
1 Pe Selena. Se eee ae A G i eae eae 910 41 49 54.5- 
NHC] FLUX USED 
Qi ieee ene estes Sete A G 2 2 800 62.5 70 b77 
Sine han aptoe es eee A G 2 2 725 45 60.5 67 
ENE caret see hep iaiee oAhl Cs A G 2 5 800 59 65.5 72.5 
popes po era ete s A G 1 2 850 54 60.5 67 
OF Vea Sace eee es A G 1 10 850 61 64.5 72 
| epee eter er rrr A J 1 Ol Lees aes 46 49.5 b55 
AVCTALO. cise. | oas's cence eins vis oe eclseteceewes| cose ecicesk tes me cmeetaic sess anes 62.5 69.5 
ANHYDROUS ZnCh FLUX USED. 
Silt eeced jocksceutes A G 2 2 875 61 66.5 b74 
Gon au cohol eae aren A G 2 2 760 46 62 69 
LO Sse: RA ae A J 1 3 800 15.5 48.5 b54 


ANHYDROUS AIC]; FLUX USED. 








A | G 2| 2| 0 | 5 65 | 23 
a The yields are figured only to the nearest one-half per cent. 
b The borings were not of uniform size in different parts of the barrel, and were difficult to mix thor- 
oughly. Runs 2 and 8 were companion runs on a part that consisted mostly of borings larger than the 


average, and runs 7 and 10 were companion runs on some borings smaller than the average. The rups — 
were not made in the order given in the table. 
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In all of these runs borings were packed tightly into the previously 

hot crucible, poked down as fast as possible, and more borings added 
with frequent poking and stirring till the whole charge was in. The 
charge was then stirred from time to time until the end of the melt, 
when the caked dross that had collected on the sides and bottom of 
the crucible below the surface of the pool of metal was scraped up, 
the fluxes were stirred vigorously into the dross, the crucible taken 
from the furnace, the dross skimmed into water, and the metal 
poured. If the prices of the three volatile fluxes sil be taken into 
consideration there is not much choice among them on the basis of 
‘these results. On a larger scale, the zinc chloride would probably 
be preferable, as it does not Fedlauanat at so low a temperature as the 
other fluxes, and hence can be stirred into a large mass of dross with- 
‘out much of it volatilizing before it can be stirred in. 


} 


MELTING IN ATMOSPHERE OF CHLORINE-CONTAINING GASES. 
As the effect of NH,Cl, ZnCl,, and AICI, might be due to the chlorine 
given off in their decomposition, melting chips in an atmosphere of 


chlorine or of dry hydrochloric acid gas was tried. The results were 
as follows: 





Results of melting in presence of chlorine and hydrochloric acid gases. 





Run Run 

No. 12. No. 13 
Barrel from which chips were taken..........-....-...- A A 
CSE TS ao ERS 2 AMR io on he ML ee, Oa ge ee ee G G 
Weight of chips used, kilograms............-......-.--+- 2 2 
Gas used..........------ +--+ +++ 2 22 eee eee eee ee eee eee Cl, HCl 
Approximate final ag Ege Nah hepa ea ae i Ui c neeaie 810 825 

Yield of metal: 

Primary yield, percentage of weight of chips........ 41 32. 5 
Total yield, percentage of weight of chips.......-... 56 56 
Total yield, percentage of metal content of charge... 62 62 


In run 12, Cl, gas from a cylinder was run into the top of the 
‘erucible, which was open, and the charge was poked and stirred as 
inruns 1 toll. In run 13, dry HCl gas was led in through a hole 
in the crucible cover and the crucible was opened only to poke the 
charge down and add more borings. Some AICl, was formed in this 
‘run. | 

MELTING WITH CONTINUOUS PUDDLING. 


_ After it was found, late in the investigation, what great stress the 
the refining company that used the iron-pot method with continu- 
‘ous stirring or puddling laid on keeping the temperature down and 
on the necessity of continuous stirring, that method was tried on 
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chips from barrel B, as the contents of barrel A had been used up. 
The results were as follows: 


Results of melting with continuous puddling. 


Run No. Run No. 
14. 15. 


Barrel from which chips were taken........-........- 1S B. 
Observers 02) £2 ene eo tele Co eee ero Gi, J- J. 
Weight of-chips used, kilograms.c2. So... = 26-0. 255 oc ok 1.5 15 
ETOS SOC fee See oh ee ne ree tee ern ZnCl,. ZnCl. 
Quantity of flux used, percentage of weight of chips. - - 2 2 
Approximate final temperature, °C............-...... 800 800 
Yield of metal: 

Primary yield, percentage of weight of chips....... 63.5 54 

Total yield, percentage of weight of chips.......... 66 60 

Total yield, percentage of metal content of charge. 78 71 


The temperature was not allowed to rise above 700° C. during the 
addition of borings. As the furnace was not of the iron-pot type, 
but a crucible was used setting loosely in the furnace, it was difficult 
for one observer to stir the pasty mass properly and at the same 
time hold the crucible in place. The gases of combustion also 
passed over the crucible, which is not the case in the iron-pot furnace, 
and hence, as the furnace cover had to be left off to permit stirring 
and holding the crucible, it was more difficult to prevent oxidation 
than in the regular iron pot. Run 14 was more thoroughly stirred 


than run 15. 
RETORTING. 


In one run the conditions of retorting were approximated by 
packing 1 kilogram of borings into a hot crucible large enough to 
contain all the borings at the start. The crucible was ther tightly 
covered and heated without any stirring or poking till the end of 
the melt, when sal ammoniac was added and the mass stirred and 
skimmed. ‘The results were as follows: 


Results of retorting aluminum chips (run No. 16). 


Sample used, chips from barrel B. 
Observer, G. 
Weight of chips used, 1 kilogram. 
Flux used, ZnCly. 
Quantity of flux used, on basis of weight of chips, 2 per cent. 
Approximate final temperature, 900° C. 
Yield of metal: 
Primary yield, on basis of weight of chips, 58 per cent. 
Total yield, on basis of weight of chips, 64 per cent. 
Total yield, on basis of metal content of charge, 71.5 per cent. 


MELTING IN A REDUCING ATMOSPHERE. 


In order to try the effect of melting aluminum scrap in a strongly 
reducing atmosphere some tests (Nos. 17 to 21) were made in an 
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electric crucible lift-out furnace of the Hoskins type and some (Nos. 
22 and 23) in one of the indirect-arc type, in both of which furnaces 
gas analyses showed the atmosphere to be strongly reducing when 
the furnace was closed. These tests were made before the others 
herein recorded, on a sample of borings (sample C) that were not so 
dirty as those from barrels A and B. Sample C contained more oil 
than samples A and B, however. It was estimated that sample C 
contained about 5 per cent oil and not over 5 per cent dirt. The 
dross in runs 17 to 23 was not skimmed into water, and the buttons 
held in it were oxidized completely, so that the results of the tests, 
which give only the primary yield, would have been increased some- 
what by the secondary yield had the buttons in the dross been 
recovered. The results follow: 





Results of melting borings in a reducing atmosphere. 


Amount 


sping: of a Approxi- Coad? 
eig. used, mate ¥ 
Run No. aoe Observer. | of chips Nee percent- | final F near pelea 
ag used. oy age of | tempera- oi ee nt 
weight | ture. Yon 
of chips. gs fee Le 
Pound MY 
oa Ce G. and L 12.5 | NH,Cl. 2 800 | Crucible... 40 
. ., 3 ee C. Oe aes 14 SU Gee 2 ROO eecG Ome ees 55 
oe eS C. doa. 7see SLOT Road oem a 2c eer ees selene doles ae 65.5 
3 eee C. GOee vase 24.5. |. 00. 2 ee cee tee Ome. soe 63 
4 C. AGct zk: .-do. 2 700 domes a2 52 
re C. dole ar. 40 220" Qi esse ee AT Qn acters 30 
ee C. Ne oss 30 . do. Pal is Saeed doce 50 


The melts in the crucible furnace were poked and stirred quite a 
good deal while the oil contained in the borings was smoking off, as 
the furnace cover could be opened without danger of getting an 
oxidizing atmosphere, but thereafter no stirring was done till the 
final addition of NH,Cl just before taking out the crucible. In the 

runs in the arc furnace no stirring was done, and the furnace door 
was opened as little as possible in charging. In the are furnace the 
local overheating of the borings as soon as charged seemed to cause 
enough oxidation, through tie air held by the borings, to prevent 
coalescence, so that a large proportion of dross was formed, which 
entangled much metal. 


HEATING IN ABSENCE OF ATR. 


In melting borings from sample A in the gas furnace 1 kilogram of 
borings was rammed down into the bottom of a hot crucible, and 
‘1 kilogram of molten metal at 800° C., from another crucible, was 
poured on top of them so as to cover them completely and then the 
whole was heated. The vapor from the oil in the borings bubbled 
up through the molten metal that remained on top. No stirring was 
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done till a thermocouple plunged to the bottom of the crucible , 
showed a temperature of 800° C., when the whole was stirred and 
much dross that had collected on the sides and bottom of the crucible 
was brought to the top. NH,Cl was then stirred in and the crucible 
skimmed into water. The results of the test were as follows: 


Results of melting borings in absence of air (run No. 24). 


Sample used, chips from barrel A. 
Observer, G. 
Weight of chips used, 1 kilogram. < 
Flux used, NH,Cl. 
Quantity of flux used, 2 per cent. 
Approximate final temperature, 800° C. 
Yield of metal: 
Primary yield, on basis of weight of chips, 50 per cent. 
Total yield, on basis of weight of chips, 61 per cent. 
Total yield, on basis of metal content of charge, 68 per cent. 


USING A HEEL OF MOLTEN METAL. 


Another run was started with a ‘“‘heel’”’ of 1 kilogram of molten — 
metal in the bottom of the crucible. One kilogram of borings was_ 
added a little at a time, an attempt being made to poke them down — 
continually below the surface of the fluid metal—that is, to follow 
- the usual directions for using a heel of metal. This procedure differs _ 
from the puddling process in that there is fluid metal in the bottom 
of the pot, whereas in puddling the whole mass is kept pasty i 
the addition of borings. 

The chips floated on the metal and obstinately refused to stay 
submerged. The temperature was kept rather low throughout and — 
was, as it proved, not raised sufficiently at the end to give a good 
separation of metal from dross. The results were as follows: 


Results of melting chips with heel of molten metal (run No. 25). 7 


Sample used, chips from barrel A. 

Observer, G. 

Weight of chips used, 1 kilogram. 

Flux used, NH,Cl. 

Quantity of flux used, on basis of weight of chips, 2 per cent. 

. Approximate final temperature, 700° C. 

Yield of metal: 
Primary yield, on basis of weight of chips, 39 per cent. 
Total yield, on basis of weight of chips, 59.5 per cent. 
Total yield, on basis of metal content of charge, 66 per cent. 


Other tests on this method and some of the other methods 
described will be given under the results of sizing and briquetting 
the chips. 
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CONCLUSIONS AS TO RESULTS OF TESTS. 






In all of the tests described in the preceding pages the fluxes used 
were volatile and did not form any slag that would tend to protect 
the metal from oxidation; the dross skimmed off was voluminous, 
loose, and contained many tiny metallic globules. If any considerable 
mass of this dross is left in the air it becomes white hot, and then 
cakes, the loose particles of dirt and oxide being compactly cemented 
together by oxide formed from the oxidation of the metal in the 
buttons. No metallic buttons will be found in the mass after cooling 
in air unless the globule was originally at least the size of a marble - 
and the coating of oxide about it happens to have been so impervious 
to air that the inside of the globule is protected. Each tiny glob- 
ule becomes oxidized throughout. The cooled dross is gray in the 
| mass from the presence of dirt, but many tiny globular white specks 
of aluminum. oxide, pseudomorphic after the metal, show where 
tiny globules of molten metal were contained in the dross when 
skimmed off. 

By showering the hot dross with its entangled globules of metal 
through the air slowly one can produce an almost continuous sheet of 
flame. It is impossible to skim the dross into water quickly enough 
to prevent the burning up of the smallest globules, as exposure for a 
fraction of a second to the air is sufficient for their oxidation and 
nitridation. When any considerable amount of dross is skimmed 
Into water there is a very strong odor of ammonia mixed with hydro- 
carbons. ‘The gas bubbles that arise from the hot dross as it touches 
the water take fire spontaneously. - It appears that there is a good 
deal of nitrogen and a little carbon chemically combined with the 
dross. 
_ Although in the last analysis the loss of metal in these methods of 
Melting borings is due to oxidation and nitridation, yet very little 
of this loss takes place within the furnace in commercial practice in 
melting in a pit furnace or in an iron-pot furnace, if the pot is covered 
at the end, or in the gas furnace used in the tests. The dross does 
not begin to show the thermit-like glowing until it comes in contact 
with the air. If each and every one of the tiny globules could be 
made to coalesce in the crucible and to free itself entirely 
from the dirt and from the small quantity of oxide that actually 
forms in the furnace, the loss would be very small. The root of the 
trouble lies in the failure of the tiny, light globules to coalesce. 

With this premise it becomes plain why the presence of fine dirt 
makes the recoveries low, and why, with a given amount of dirt, 
the smaller the chips are the lower is the recovery. The greater 
the amount of dirt and the more finely divided the dirt is, the greater 
is its power to form the honeycomblike coating which envelops the 
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globules and prevents their uniting. The tinier the chip the greater — 


is the surface of the globule in respect to its weight. The less the 
wéight of the globule the less is the force tending to tear through the 
enveloping film. 


When the borings are even slightly oily, any dust in the borings” 


sticks tightly to them and a surface film of dust tends to be formed 


ee aA 


before the chip is melted that under the effect of surface tension 


readily forms a bag about the tiny drop into which the chip changes 


on fusion. 


The small size of some of the chips can hardly be prevented, as — 


. they come from the light finishing cut, but the content of dirt can be 
ereatly reduced if care is taken in thie eiitannl of the chips. 


The tendency toward oxidation of fine chips can be more easily 


and more readily checked in melting than their reluctance to coalesce 
can be overcome. It does not seem that, without the use of some 
slaglike flux to act as a collector of the tiny buttons, such methods 
as retorting, vacuum-furnace melting, etc., which aim at preventing 
oxidation, but do not provide for stirrmg, or other means of pro- 
moting coalescence, are likely to offer any advantage in the melting 


of dirty chips, at least, commensurate with their cost and the diffi- 


culties of their operation. 


It would therefore appear that if some menstruum or slag were 
present through which the globules would drop, they might coalesce — 


better, as the dirt would tend to be soaked up by the slag. There 


would no longer be a honeycomblike coating of solid dirt enveloping — 


the globules, but the globules and the dirt would both be dispersed 
in a liquid slag. The slag, if lighter than the metal, would also 


prevent access of air. Hence it seems possible that a molten cover, 


not necessarily acting as a solvent of dirt and oxide, but merely 


soaking them up and taking them away from the globules might 


both promote coalescence and prevent oxidation. It is plain that 
the most efficient menstruum will be one which is fluid below the 
melting point of the metal, and which has not only a lower specific 
gravity than the metal, but also has a low viscosity, so as to allow 
the globules to sink readily through it. 


MELTING WITH MOLTEN COVER. 


Suitable molten covers combining these properties with cheapness 
and with chemical inertness to the metal are, however, not easy to 
find. Alkali and alkaline-earth chlorides, or mixtures thereof, form 
the basis of most of the molten covers suggested. 
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TESTS WITH A COMMERCIAL FLUX. 


~ One such flux is on the market; it has been mentioned, with the 
makers’ directions for using it in melting ingot, on page 17. Although 
some aluminum founders who have tried this flux reported unfavor- 
ably on its use for melting ingot, one even denouncing it as-a fraud, 
some of it was obtained and tried on borings. The flux is a lavender- 
colored granular material, is soluble in water, tastes like potassium 
chloride, and melts at about 620° ©. The lavender color is due 
_to some organic dye, as it may be extracted by absolute alcohol, in 
which the material itself is not soluble. The color burns off on 
ignition, before the melting point is reached. It is perhaps added 
for psychological effect on the purchaser. Qualitative analysis 
shows the presence of K, Na, Cl, SO,, and a trace of Mg. Quantitative 
analysis was not made, but it appears that a molecular mixture of 
KCl and NaCl, plus a little K,SO, would give a mixture of about the 
same melting point and properties. 
In all the following tests on molten covers sae other fluses, the 
_ powdered flux was mixed with the borings before charging, one the 
dross or slag, except where so stated in the tables, was not skimmed 
directly into water, on account of the explosions that occur in such 
acase. The dross or slag mixed with dross was skimmed off, allowed 
to cool somewhat, and thrown into water while still hot in order to 
disintegrate it. It was then crushed, washed on a 20-mesh sieve, 
and hand picked. If only a few large clean buttons were obtained, 
their weight was added to the weight of ingot to give the total yield. 
If the buttons were small and adhered to particles of slag or dross, 
they. were remelted with the same proportion of the same kind of 
flux as was used in the original melt and the weight of secondary 
ingot thus obtained was added to that of the original ingot to give 
the total yield. 
The results of the test with the commercial flux mentioned were 
_as follows: 








ee 


Results of tests with commercial flux. 





Yield of metal. 
Flux 


Ch used, | “EPs Total 
ps _| imate 

Run No. from  |Observer. Mine ae final aires planes yield, on 
barrel— ; wal ht temper- Pissig of oe asis of basis of 

of chi Ss ature weight of | weight of metal 
ps. Riis =f a 4 content 
Ds. PS- | of charge 
Kg. SUBS Per cent. | Per cent. | Per cent. 

REMIT cd Jceoecacces ox A 5 850 45.0 8 6 


G 2 8. 4.0 
a ee A G 2 25 760 48.5 62.0 69.0 
J 1 25 900 55. 0 62. 5 73.5 
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TESTS WITH DEHYDRATED CARNALLITE. 


Dehydrated carnallite, or a mixture in molecular proportions of 7 
KCl and MgCl, has a low melting point and has been suggested as 
a flux. Tests with this flux gave the following results: 


Results of melting borings with flux of dehydrated carnallite. 


Run Run 

No. 29. No. 30, 

Barrel from which chips were taken...........-.-eee-- A A 

OGSetV er ook soe ENE Ge aoe man eee ee tieectas G G 

Weight of chips used, kilograms.....-...........----00- 2 2 

Percentage of flux used, on basis of weight of chips.... 5 25 
Approximate final temperature, °C.........-...-------- 725 800 . 
Yield of metal: e 
Primary yield, percentage of weight of chips. ....- 47 48 a 
Total yield, percentage of weight of chips......... 60.5 59 2 

Total yield, percentage of metal content of charge.. 67 65. 5 


DISCUSSION. OF RESULTS WITH THE TWO FLUXES. 


Neither flux, even when 25 per cent was used, was in sufficient — 
quantity to soak up all the dirt and dross and still become truly © 
fluid. Neither flux rose entirely to the top, but much stuck to the © 
sides and bottom of the crucible. 4 


SPRINKLING WITH ZINC-CHLORIDE SOLUTION AND DRY SALT. 


As the use of 2 per cent of a strong solution of ZnCl, and 2 per 
cent dry NaCl sprinkled over the borings had been suggested (see — 
p. 30), this was tried. The results of the test were as follows: 


Results of melting borings sprinkled with ZnCl, solution and dry NaCl (run No. 31). 


Barrel from which chips were taken, A. 
Observer, J. 
Weight of chips used, 1.5 kilograms. 
Quantity of flux used, 2 per cent of ZnCl, solution, 2 per cent of dry NaCl. 
Approximate final temperature, 1000° C. 
Yield of metal: 
Primary yield, on basis of weight of chips, 45 per cent. 
Total yield, on basis of weight of chips, 58 per cent. 
Total yield, on basis of metal content of chips, 64 per cent. 


The slag was very sticky, almost solid with the dross and dirt 
soaked up by it, so that it was necessary to heat it very hot to get — 
any separation of metal from it. The slag and dross showed a 
thermit-like reaction when exposed to air. | 


TESTS WITH COMMON SALT. 


As common salt has been used in commercial practice and is the 
cheapest alkali chloride, a series of tests was made with varying 
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proportions of an “agricultural grade” of salt, costing $2 per ton 


at the salt works, as flux. The temperatures given are the tempera- 
tures in the slag layer at the end of the heat, not in the metal. The 
results of the tests follow: 


Results of melting borings with common salt. 





Yield of metal. 





Flux 


Chips used, ner: ; Total 
RunNo. from |Observer.| Charge | Percent-) ‘gnay | Primary | Total yield, on 
barrel— used. sen temper- pe ah Peer ae basis of 
eig ‘ asis 0 asis 0 
of chips. ature. weight of | weight of ancien 
chips. chips. of charge. 
Kg. SC: Per cent. | Per cent. | Per cent. 
| ono See A J il 15 900 45.5 62 69 
ee A J 2 20 900 66 69.5 77 
| A J 1 25 900 48.5 61 68 
ee A G 1.5 50 900 66 76.5 85 
| 0. See A J 1 50 900 59 71 79 
acne eee eee A J 1 50 900 54.5 61.5 68.5 
owt ae ae eee A J 1 50 900 59 65 72 
. oe A J 1 100 900 47 66 73 


With as little as 15 per cent salt the dross was not all soaked up 
and the mass was dry in places and not wholly pasty and the thermit- 
like reaction was not wholly stopped. The separation was not good. 

With 100 per cent of flux the volume of slag was too great to give 
good separation; 20 to 50 per cent of salt gave pasty slags that were 
easily skimmed off, gave fair separation, and prevented the ther- 
mit-like reaction, although there was not perfect coalescence, as 
vast numbers of tiny buttons were still held in the slag, passed the 
20-mesh sieve, and were lost. 


TESTS BY A FOUNDRY WITH SALT AND CALCIUM CHLORIDE FLUX. 


Some tests by a foundry, reported to the writers, on NaCl, CaCl,, 
and a mixure of the two, as flux, are given below. 


SERIES 1, MELTING EMERY GRINDINGS. 


Some experimental melts were made in a small crucible, oil-fired furnace; the 
material used was sawdust from band saws used in cutting off gates, etc., plus emery 
grindings and emery dust from the grinding wheels. The probable metallic content 

was between 60 and 70 per cent, the rest being emery dust, floor sweepings, and 
paraffin used as a lubricant in sawing and grinding. The material would nearly all 
pass a 20-mesh sieve. The results were as follows: 

Charge used.—1% kilograms. 

Run A.—No flux was used. The total recovery of metal was 19 per cent on original 
weight, all as ingot, no metal being recovered from the dross, as this burnt up on 
removal. 

Run B.—In this run 75 per cent NaCl was used as flux. The total recovery of metal 
was47 percent. Much of this metal was from buttonsin the dross, which was not fluid, 

but was very pasty, almost dry. 


ety. 
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Run C.—In this run 30-per cent commercial fused CaCl, flux was used. The flux 
melted and dust was poked constantly intoit. The recovery was 43 per cent in good 
ingot. 

Run D.—In this run 75 per cent flux, which was two-thirds commercial fused CaCl,, 
one-third NaCl, was used. The total recovery was 38 per cent, mostly in ingot; some 
metal was recovered as large buttons in the flux cover. 

Run E.—This run was made on 60 per cent of old flux, from run D, containing a few 


Ee 


aluminum shots from that charge which were not picked out. The recovery was 44 ; 


per cent, but most of the metal was buttons from the flux, which was not sufficiently 
fluid on re-using. 


SERIES 2, MELTING DIRTY BORINGS WITH SAL AMMONIAC AND SODIUM CHLORIDE — 
CALCIUM CHLORIDE FLUXES. 


A comparison of sal ammoniac and the NaCl—CaCl, mixture as fluxes was made. 


Exceptionally small, thin, oily, and dirty borings, of unknown metallic content, of — 


very poor quality, were melted in 100-pound charges in an oil-fired iron pot. 

Run A.—The borings were constantly poked, and 1 per cent sal ammoniac was 
used at the end of the melt. The recovery was 124 per cent. 

Run B.—The borings were mixed with 20 per cent of the CaCl,—NaCl flux, and 
were poked occasionally. The recovery was 42 per cent. 


SERIES 3, TESTS ON CLEANER BORINGS WITH SAL AMMONIAC AND SODIUM CHLORIDE — 
CALCIUM CHLORIDE FLUXES. 


A similar comparison of the two fluxes was made on commercial borings, of much 
better quality than in series 2, but containing some oil and dirt. The borings were 
melted in crucibles in coke fires. 


Charges aggregating 316 pounds were melted, with 1 per cent of sal ammoniac as — 


flux. The recovery was 144 pounds, or 44 percent. On other charges aggregating 346 
pounds, with 26 pounds of fused commercial CaCl, and 16 pounds NaCl, the recovery 
was 194 pounds, or 56 per cent. 

The flux did not meet with favor by those running the remelting work, largely 
because of its hygroscopic nature and the consequent difficulty of avoiding dangerous 
explosions when it is used. 


TEST WITH MIXTURE OF CALCIUM CHLORIDE AND SODIUM CHLORIDE. 


Chips from lot A were melted with 50 per cent of a flux consisting — 


of 90 per cent commercial fused CaCl,, which contained quite a pro- 


portion of NaCl, and 10 per cent added NaCl, the mixture becoming 


fluid at 600° C. The results of the tests were as follows: 


Results of melting borings with flux of CaCl, and NaCl (run No. 40). 


Barrel from which chips were taken, A. 
Observer, G. 
Weight of chips used, 1.5 kilograms. 
Quantity of flux used, 50 per cent (90 parts CaCl,, 10 parts NaCl). 
Approximate final temperature, 900° C. 
Yield of metal: 
Primary yield on basis of weight of chips, 61 per cent. 
Total yield on basis of weight of chips, 72 per cent. 
Total yield on basis of metal content of chips, 80 per cent. 


The flux, though fluid at 600° C., was only just thin enough to 
skim off properly at 900° C. because of the dirt soaked up by it. 
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FLUXES CONTAINING FLUORIDES. 


In order to get a flux that will not only act as a molten cover to 

protect the metal from oxidation and a collector to soak up the dirt 

and permit the globules to coalesce, but will also have a true fluxing 

or dissolving action both on the dirt and the aluminum oxide, the use 
of fluorides, as suggested by Schoop,? was tried. 


TESTS WITH VARIOUS FLUORIDE FLUXES. 


Various fluoride fluxes were first used, to find out whether better 
recoveries were obtainable than with the molten covers Flux No. 
1 was as follows: Fluorspar (CaF,) 16 parts, cryolite (AIF,-NaF) 28 
_ parts, aluminum fluoride (AIF;) 56 parts, this being, according to 
_ Wright,’ the composition of the electrolyte used in the production 
of aluminum. The constituents were fused together, cooled, and the 
_ mass pulverized. 

Plato * shows that a mixture of about 86 parts CaCl, and 14 parts 
CaF, melts at about 650° C. 

Such a mixture (flux No. 2) was made, fused, and pulverized. It 
_ was fairly fluid at about 700° C, and the CaF’, seemed to be all dis- 


_ solved. 


Gleason? suggests a flux of fluorspar and anhydrous boric acid, 
in the proportions of three parts of fluorspar to one of boric acid, 
for another purpose, that of introducing boron into copper by treat- 
ing such a flux with aluminum and adding it to copper. It was 
thought that this mixture might give a fluoride flux for the purpose 
in question, but it was not sufficiently fluid, even at 1100° C., so it 
was not used. 

Jones suggests a flux consisting of equal parts LiCl,, KCl, and 
NaF, for use in welding aluminum. Such a flux (No. 3) was made 
except that KF was used instead of Nal’, no NaF being at hand, 
then fused and pulverized. This flux was extremely fluid at a low 
red heat. | 

A flux consisting of 10 parts Na,CO,, 2 parts K,CO,, 2 parts cryo- 
lite, and 1 part borax has been suggested’ to be used in the pro- 
portion of 14 pounds per hundredweight of chips. The content of 
fluorine is so,small that this can scarcely be classed as a fluoride flux. 
Such a flux (No. 4) was made, fused. and pulverized. 

Powdered cryolite flux (No. 5) was also tried. 

aSchoop, M. V., U.S. Patent 943,164, Dec. 19, 1909. 

b Wright, J., Electric furnaces and their industrial applications, 1908, pp. 186-187. 

c Plato, W., Erstarrungs erscheinungen an anorganischen Salzen und Salzgemischen: Ztschr. phys. 
Chem. Bd. 58, 1907, p. 362. 

é Gleason, E. D., U.S. Patent 1,076,973. 


e Jones, J. L., Shop problems—fluxing: Metal Ind., vol. 11, 1913, p. 528. 
j7Anon, Melting aluminum chips, Castings, vol. 38, 1910, p. 78. 
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The results of the experiments with the five fluxes named follow: 


Results of melting borings with fluxes containing fluorides. 





Yield of metal. 


Amount | Approx- 


Chips of flux, imate ‘ Total 
Run No. | from |Observer.| Charge. oe on basis | final | P aeld. Nu yield 
barrel— * \of weight} temper- y ? y based on 
‘ based on | based on 
of chips. | ature. ; : metal 
weight | weight contentils 
of chips. | of chips. of chips, 
Kg Per cent. =O Per cent. | Per cent. | Per cent. 
Ala Se A G 1 No.1 25 900 | - 71 7 
42... A G 1 No. 2 25 900 64 71 79 
43... A G 1 No. 3 25 900 65 69. 5 78 : 
44.. A G 1 No. 4 1.5 900 54 65 72 
45.. A G 1 No. 4 20 900 50 62 70 
ADEs n es A J 1 No. 5 15 900 68. 5 79 
47... A G 1 No. 5 25 900 70 71.5 79.5 


In runs Nos. 44 and 45, with the soda ash, pearl ash, borax, cryo-~ 
lite flux, which is low in fluorine, the dross showed a thermit-like | 
reaction, whereas the other fluxes gave a pasty mixture of dross and 
flux which cooled without such reaction. The four fluxes, Nos. 1, 2,— 
3, and 5, gave consistent results, better than the average results from 
any other of the fluxes used thus far. % 

The foundry reporting the results on tests with molten covers also — 
stated that a small laboratory scale test in a crucible in a gas-fired — 
furnace, in which millings free from oil or dirt, being cut without 
lubricant as a sample for analyses, and rather larger than commer-— 
cial borings and free from very fine material, with a large proportion 
of powdered cryolite as flux, had given a recovery of 944 per cent, — 
although some of the metal was in the form of buttons, as the tem-_ 
perature was not high enough to make the cryolite sufficiently fluid. — 


TESTS WITH SALT AND FLUORSPAR FLUX. 


As the writers learned at this point in the work that a flux of salt — 
and fluorspar was being used commercially, especial attention was — 
directed to that flux, on account of its cheapness, although its melting © 
point is considerably above that of aluminum or its common alloys. — 
As definite information on the proportions of the two ingredients — 
used was not available, experiments were made on: various mixtures — 
of the commercial salt and fluorspar that were on hand. The freezing — 
points of mixtures ranging from 90 parts NaCl and 10 parts CaF, 
(about 790° C.) to 75 parts NaCl and 25 parts CaF’, (about 800° C.) — 
were studied. The mixture of 85 parts NaCl and 15 parts CaF,, — 
which froze at about 785° C., had the lowest melting point and did not | 
give so viscous a melt as those higher in CaF, being quite fluid at 
800° C., was chosen as the most suitable composition. One mixture 
of 85 parts commercial CaCl, (containing NaCl) and 15 parts CaF, 
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froze at about 660° C. On substituting 5 and 10 per cent of NaCl for 
similar percentages of CaCl,, mixtures freezing at about 675° C. and 
680° C. were obtained, but all of the CaCl, mixtures seemed very 
viscous at temperatures well above their fusion points and they did 
not seem to be better fitted for the purpose than the salt and fluorspar 
mixture, notwithstanding their lower freezing points, and they had 
the disadvantage ‘of being hygroscopic. 
_ In these runs the flux was intimately mixed with the chips before 
charging. The borings were rammed down as soon as they got soft 
and pasty so as to make room for more borings. After the whole 
charge was in, the crucible was not disturbed or stirred until the 
temperature of the flux on top of the metal was 900° C., at which 
temperature it is fluid enough, unless there is too much dirt present 
in proportion to the amount of flux used, when higher temperatures 
are needed to make the mass really fluid. Then the crucible was 
taken from the furnace, stirred gently—too violent’ stirring will 
carry globules of metal up into the slag from the metal below— 
skimmed, and poured. The buttons were recovered from the slag 
as in the previous experiments. 


Results of melting borings with flux consisting of 85 per cent NaCl and 15 per cent CaF. 


Yield of metal. 


Quantity ia : 
: of flux, PPPs he Pris 
Run No ‘from | _Ob- | Charge | based on] Fmyp | mary | Sierg | yield 
parrel— | Server. | used. vin tempera oP oa tad based on | based on 
ehing ture. waivht weight metal 
Ne ie ) content 
chips. chips. |of charge. 
a : Kg Per cent. con Per cent. | Per cent. | Per cent. 
ROME ca. occ cice ato ces 1 15 90 57s 
(law ees eee A A} 2 25 900 68. 5 70 78 
Pepe sok cance A J 2 25 900 74 75 83.5 
Prem S.C Ak oa A J 1 25 900 69 72 80 
=e ee A G 1.5 50 900 70 76 84.5 
eee ye ees Os 3 A J 1 50 900 63 68 75.5 
a ap ele ee A J 1 100 900 53 63. 5 70.5 
5466 See A J 1.5 20 900 61 72 


In run 55 the borings and flux were puddled, as in melting with 
ZnCl, in the iron-pot method, and kept pasty by continued stirring 
till all the charge was in, then at the end the temperature was raised. 
Apparently nothing is to be gained by so doing, as compared with 
merely ramming the borings down to make room for the whole 
charge, and not stirring till the end. 

The behavior with only 15 per cent flux or with as much as 100 per 

cent was analagous to that with similar amounts of salt alone. 
About 25 to 50 per cent of this flux appears advisable for borings 
carrying the amount of dirt contained in the lot melted. 
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SUMMARY OF RESULTS WITH VARIOUS METHODS OF MELTING. 


A summary of the results of some of the experimental runs on this 
consignment of dirty chips, by the chief methods that have been 
suggested, is shown below: 


Results of melting borings by various methods. 


Average 
total 
Number |recovery,| yaxi 
No. of run. Flux or method used. of on basis 
tests. of metal 
content 
of charge. 


ae | | eee 


Per cent. | Per cent. 
54, 


Lalo NO MU FIsOG:Al. vo seme e tbe cadet Sc etecine tomer ene ete mene 1 4.5.1 °c. eee 
2 tos NA Clix sed I2en fae aes pote cee era ae eet Seer 6 69.5 77 
8 t0 310) |: 2nGlefitix sed (0S. sees tear ae eee eeers aioe aac seer 3 66 74 
LI LATCH flix sed hs Sa 2 8 a eer akan ce ee eerie. Caner ae se weeers 1 72°) \ 0 2c5. eee 
14,15 | Puddling, with NH4Cl added at end of melt................. 2, 74.5 78 
16 | Retorting, with NH,Cl added at end of melt...-............ 1 7125 '|2. 35 eeee 
26 to 30 | Various molten covers, other than NaCl used................ 5 66 73.5 
32 to 39 | NaClin proportions of 15 to 100 per cent...............-..20: 8 74 85 
33 to 38 | Common salt in proportions of 20 to 50 per cent used......... 6 75 85 
40") *#NaCl-CaCls fluxsused) 22 2. Ries nae ce nea eee eee 1 80° |. 5 406 eee 
41 to 47 | Various fluoride fluxes other than NaCl-CaFe used........... 7 79.5 80 
48:00 .55"|, NaCl-Caloiflux sedis Resear k bee Seacces Sent eee etre oa 8 75 84.5 
49 to 53,55 | NaCl-CaF» flux in proportions of 20 to 50 per cent used...... 5 80° |\.-223 ne 


The best results appear to come from the three following methods: 
Using NaCl, NaCl plus CaCl, in rather large proportion, or from the 
fluoride-contaiming fluxes in rather large proportion. Of the 
fluoride-containing fluxes the cheapest, the NaCl-CaF, flux, is 
apparently as good as those more expensive and seems to give, on 
an average, sufficiently better results than NaCl without CaF, to 
justify the use of the CaF,. 

In the type of furnace used for the tests, which was not properly 
adapted to puddling, the use of salt and fluorspar without puddling 
gave better results than puddling and with much less labor. 

This flux was then tested out experimentally under other condi- 
tions on briquetted material in a small reverberatory furnace and in 
an electric furnace. 


EXPERIMENTS WITH BRIQUETTED CHIPS. 


As is brought out in page 19, compacting the borings into briquets — 
under heavy pressure has been suggested on the theory that such 
briquets could be more readily plunged under a heel of molten metal 
than the loose borings, and that the briquetted metal would act 
much like ingot metal. 3 

However, one refining plant, melting in coke-fired pit furnaces and 
using sal ammoniac as flux, had some borings briquetted. The 
briquets were very solid and compact, and could be thrown about with- 
out breaking. No quantitative data are available on the results 
obtained with them; but it was reported that they disintegrated on 
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melting, and, save for greater ease in charging and possibly greater 
speed in melting, their use had no advantage over. charging loose 
borings, as the loss was about the same. 

A firm selling briquetting machines sent the writers two briquets, 
stating that they were made from a class of shop fines of No. 12 
aluminum containing, unavoidably, a considerable amount of dirt, 
and that ‘this class of briquets refused to melt without unreasonable 
loss.’ These briquets, which were approximately disks or flat cyl- 
inders 3 inches in diameter, 1 inch thick at the edge and 14 inches 


thick at the center, were very solid and had apparently been made 


under extremely high pressure. The briquets were run down with 


- results as follows: 


RESULTS OF MELTING BRIQUET NO. 1. 


In run No. 56 a heel of metal, consisting of 693 grams of clean 
No. 12 ingot, was melted in a No. 5 crucible in a gas furnace and 
raised to a temperature of 800° C., when one of the sample briquets, 
weighing 342 grams, was put in. It sank in the molten metal, a 
smoky flame, evidently caused by the cutting oil used in machining 
the castings from which the chips came, being given off. The briquet 
was poked from time to time with a graphite rod. It disintegrated 


to some extent and much light dross rose to the surface. Seven 
minutes after charging the bath was again at a temperature of 800° 


C., and 7 grams of anhydrous zinc chloride was added and stirred 
into the dross. The dross showed a tendency to glow and heat up, 
similar to the thermit reaction, indicating that there were still very 
tiny globules of metal in the dross. The dross was skimmed off into 
water and the metal poured into ingot. Although the metal had 
been well stirred, much dross stuck to the bottom and sides of the 
crucible. After pouring the metal this dross was also skimmed into 
water. The dross was then washed on a 14-mesh sieve and all but- 


tons over 14 mesh were collected. 


In all, 920 grams of ingot were poured and 7 grams of buttons 
were collected. Deducting the 693 grams of heel metal, there was 


recovered from the original 342-gram briquet 227 grams of ingot 


and 7 grams of buttons, or the total recovery was 234 grams. On 
an assumed basis of 90 per cent metal content and 10 per cent oil 
and dirt in the briquet, the results are as follows: 


Results of melting .briquet in heel of molten metal (run No. 56). 


Per cent. 
Primary yield, on basis of weight of briquet...............-.-.--- 66. 5 
Secondary yield, on basis of weight of briquet............... eer 2.0 
Total recovery, on basis of weight of briquet................ 68.5 

Total recovery, on assumed basis of 90 per cent metal con- 
DOIG Pee ara a tea Lge ene oa aed ean cles psa aim'wia avis saute esp 4 76.2 
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This recovery is not much above the results from loose borings of 
apparently the same quality as those in the briquet when melted by 


this method. 
RESULTS OF MELTING BRIQUET NO. 2. 


Briquet No. 2 was melted with a flux consisting of 85 per cent com- 
mon salt and 15 per cent fluorspar. As the flux could not be inti- 
mately mixed with the briquet, as can be done with loose borings, 
it was decided to cover the briquet with the flux. In this run (No. 
57) it was impossible to cover the briquet in a crucible with so little 
as 20 to 30 per cent of its weight of this flux, the amount required 


for loose borings. Accordingly, 200 grams of flux was melted in a> 


No. 5 crucible, and when it had reached a temperature of 800° C. 
the briquet, weighing 345 grams, was charged. As the flux did not 
quite cover the briquet, 100 grams more flux was added on top. In 


12 minutes the briquet and the added flux had melted and the whole — 


was at 875° C. The flux was then poured off, the metal poured into 
ingot, and the pasty mass of dirt which had soaked up flux and stuck 


to the sides of the crucible on pouring was scraped out. The flux 


and scrapings were disintegrated in water, after being permitted to 
cool somewhat, and washed on a 14-mesh sieve. In all, 265 grams 
ingot and 15 grams buttons were recovered, a total of 280 grams. 
Or the recovery was as follows: 


Results of submerging briquet in molten flux (run No. 57). 


Per cent. 
Primary yield, on basis of weight of briquet.-...............-.-. 76. 8 
Secondary yield, on basis of weight of briquet............-....... 4,2 
Total recovery, on basis of weight of briquet.........-. -- 81.0 

Total recovery, on assumed basis of 90 per fenit morale con- j 
Cer. Saas 5 Goon Seer uete Sra eee tee ole cerem Nae ea een 90. 0 


CONCLUSIONS AS TO TESTS. 


This recovery is better than that obtained on the loose dirty borings 
of lot A, but the briquets, although they contained some oil and dirt, 
did not appear to contain quite so much as lot A, hence no conclu- 


sions can be drawn from this single small-scale test as to any decrease — 


in melting loss due to briquetting. 
Briquetting will increase the ease of handling and probably increase 
the speed of melting, as the solid briquets transmit heat more rapidly 


than loose material. Whether it would increase the recovery or | 


not, and whether the cost of briquetting, including labor, power, | 
interest, and upkeep on an expensive press, would be compensated | 
for by increased recovery and decreased labor and fuel cost in | 
melting, can only be determined by large-scale tests on loose and | 


briquetted chips from the same consignment. 
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In order to utilize the salt-fluorspar flux, it might be worth while 
to mix 20 to 30 per cent of flux, depending on the amount of dirt 
in the borings, with dirty borings before briquetting, thus making 
a briquet with the flux just where it is needed. 


REVERBERATORY MELTING. 


One firm is refining aluminum borings in a reverberatory furnace 
and claims 80 per cent recovery. The details are not available as the 
refiners claim to have a ‘“‘secret process.” Reverberatory melting is 
also done to a small extent by the firm using the NaCl-CaF, flux in 
crucible melting. This flux is also used when they melt in the rever- 
-beratory. Reverberatory melting of aluminum borings is considered 
_by many refiners as out of the question, because of loss by oxidation 
in melting; also most of the firms melting aluminum ingot consider 
-reverberatory or open-flame melting impossible for the same reason. 
On the other hand ingot may be successfully melted in an open- 
flame furnace if a strongly reducing flame is used, and the market 
alloys put out by the manufacturers of aluminum are usually made 
in large reverberatory or tilting open-flame, natural gas, or oil fur- 
naces. 
In order to determine whether the salt-fluorspar flux, which in 
crucible melting has consistently given better results than any other 
flux or method used in the experimental tests, was applicable to 
reverberatory melting, a small make-shift reverberatory or tilting 
open-flame gas furnace was built, an old carboy rocker being used 
for the tilting device, and an old sink for the body of the furnace. 
The sink was lined with fire brick and a hearth laid within the fire- 
brick shell and lined with alundum-magnesite mixture. The hearth 
proper was about 2 inches deep at the lowest point, 24 inches wide, 
10 inches long on the flat part of the bottom, and sloped up to 5 
inches wide by 16 inches long at the top of the hearth. <A pouring 
spout was made at one end and space for a charging hole left above 
_ the hearth at the other. An arched fire-brick roof was added, the 
highest point of which was about 5 inches from the flat bottom of 
the hearth, or 3 inches above the level of a full molten charge, and 
1 inch above the top of the hearth proper at the edges of the hearth 
on the sides of the furnace. The walls and roof were all 4 inches 
_ thick. } 

City gas, the only kind available, was used to heat the furnace. 
A home-made burner made from pipe and fittings was placed a few 
inches in front of the pouring spout. The waste gases passed out the 
charging hole of the furnace. As the burner was not tightly luted 
into the mouth of the furnace, but the flame was merely directed into 
_ it, air was freely drawn in by injector action. The flame did not heat 

the furnace very uniformly, the hottest part bemg about one-third 


\ - 
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the way from the front. The rear third of the furnace did not heat 
up very well, so the furnace was run by tilting it forward a little and 
utilizing only the front half, the rear being used to preheat the charge, 
which was poked forward as room was made for it at the front. 

It will be seen that it would be difficult to maintain a very strongly 
reducing flame in such a furnace, so freely open to the air. The tem- 
perature varied so throughout the furnace that except on charges 
melted to a uniform liquid, the temperature of the charge varied with 
the location in the furnace. 

A number of melts of aluminum borings from lot B, containing 
oil and much fine dirt, with not over 85 per cent metal content, were 
made. The results of these melts are given below in the order in 
which they were made: 


TESTS IN REVERBERATORY FURNACE. 


Run No. 58.—Four pounds of borings were mixed with 1 pound (85 per cent NaCl, 
15 per cent CaF,) of flux and the whole charged into the furnace, which was fairly 
hot at the start. The run lasted 22 minutes, no attempt being made to keep the flame 
strongly reducing. The metal was poured before the flux was really fluid, the tem- 
perature in the hottest part of the flux being 825° C. Apparently the amount of flux 
was too small, and the charge a little too large, as the direct flame played on the upper 
part of the charge. Some thermit-like burning of the charge near the front of furnace 
was noted. : 

In this run 1.6 pounds of ingot and 2 pounds of dirty buttons over 20-mesh in size, 
mixed with balled-up masses of dirt and flux, were recovered. The buttons were 
remelted with 1 pound of flux, yielding 1.05 pounds ingot, and 0.2 pound of large 
buttons, the total recovery being 2.85 pounds. The primary yield was 40 per cent, 
the secondary yield 31 per cent, making a total of 71 per cent, or 834 per cent on the 
basis of metal content of charge. 

Run No. 59.—The whole charge, consisting of 3.2 pounds borings and 1 pound of 
NaCl-CaF, flux mixed with borings, plus 1 pound flux spread on top after charging, 
was charged at the start in a hot furnace. The furnace was run 25 minutes and the 
bulk of the metal poured, then run 15 minutes more to melt the flux, but it was pasty 
at the end of the run. No thermit reaction was noted. The yield was as follows: 
Primary yield, 2.4 pounds, 75 per cent; 0.05 pound large buttons, 1.5 per cent; total, 
2.45 pounds, 76.5 per cent, or 90 per cent on the basis of metal content of charge. 

Run No. 60.—The whole charge, consisting of 3 pounds of borings with 1 pound of 
flux spread on top, none mixed in with borings, was charged in the furnace, which was 
warm, but not hot. The run lasted 25 minutes. At times thermit-like burning of 
the charge was observed. The dross and flux were very dry, not being fluid or even 
pasty, though the temperature in the hottest part of the furnace was over 900° ©. 

The recovery was as follows: Primary yield, 1.55 pounds, 52 per cent; 0.2 pound of 
large buttons, or 64 per cent; total yield, 1.75 pounds, or 584 per cent, or 69 per cent 
on the basis of metal content of charge. 

Run No. 61.—Three pounds of borings and 1 pound flux mixed were charged in the 
hot furnace and 4 pound of flux spread on top. The run lasted 25 minutes; the flux 
was pasty at the end. No thermit action was observed. The recovery was as follows: 
Primary, 2.1 pounds, or 70 per cent; large buttons, 0.05 pound, or 14 per cent; total, 
2.15 pounds, or 714 per cent, or 844 per cent on the basis of metal content of charge. 

Run No. 62.—The whole charge, consisting of 3 pounds of borings and 2 pounds flux, 
all mixed in, was charged in the hot furnace; ran 20 minutes. The flux was nicely 
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pasty and a little over 900° C. in the hottest part. No thermit action was noted. The 


_ recovery was as follows: Ingot, 2.1 pounds, or 70 per cent; large buttons, 0.05 pound, 
_or1.5 per cent; total, 2.15 pounds, or 714 per cent, or 81.5 per cent on the basis of metal 
_ content of charge. 


Run No. 63.—The whole charge, consisting of 5 pounds of borings and 24 pounds of 


_ flux, all mixed in, was charged in the hot furnace; ran 30 minutes. The charge was 


too large, as the flame played on top of it. Some thermit action was noted. The 
mixture of flux and dross was too dry. 

_ The recovery was as follows: Ingot, 2.9 pounds, or 58 per cent; large buttons, 0.15 
pound, or 3 per cent; total yield, 3.05 pounds, or 61 per cent, or 71.5 per cent on the 


_ basis of metal content of charge. 


Run No. 64.—The whole charge, consisting of 3 pounds of borings and 3 pounds of 
flux, all mixed in, was charged in the hot furnace; ran 20 minutes. The flux was 
fully fluid at the end of the run. 

The recovery was as follows: Ingot, 2.1 pounds, or 70 per cent; large buttons, 1.25 


pound, or 8 per cent; total yield, 2.35 pounds, or 78 per cent, or 92 per cent on the 


_ basis of metal content of charge. 


Run No. 65.—Three pounds of borings, mixed with 1.5 pounds of flux, was charged 
in the hot furnace and 1 pound of flux spread on top; ran 20 minutes. The flux was 


nicely pasty. 


The recovery was as follows: Primary yield, 2.2 pounds, or 73.5 per cent; large but- 
tons, 0.05 pound, or 14 per cent; total yield, 2.25 pounds, 75 per cent, or 88 per cent on 
the basis of metal content of charge. 

Run No. 66.—Three pounds of borings were used. No flux was added till the end, 


then 0.15 pound of sal ammoniac was added and stirred in; the run lasting 17 minutes. 


The flame used was the same as in previous runs with other fluxes. The melt was only 


stirred occasionally; very decided glowing or thermit-like action was obtained. The 


_ dross was skimmed out on an iron plate and dumped into water at short intervals 
_ during skimming. 


In this run 1.15 pounds ingot was obtained and many small buttons mixed with 
adhering dross, which were remelted and yielded 0.1 pound of ingot, 0.05 pound oi 


_ large buttons; the total yield being 1.3 pounds. The primary yield was 38.5 per cent; 


a 


the secondary yield, 5 per cent; and the total, 43.5 per cent, or 51 per cent on the basis 
of metal content of charge. 

Run No. 67.—Three pounds of borings were used, and no flux was added until the 
end of the melt, when 0.15 pound of ZnCl, was added and stirred.in. The flame was 
on 12 minutes, the charge being stirred all the time and the borings worked over with 
askimmer. The flame was kept as strongly reducing as possible, almost smoky, being 


much less oxidizing than in previous runs. Not much thermit action was observed 


until the borings were nearly all melted down, when the whole mass started to heat 


at | 


up almost instantly. The flame was cut off and the mass vigorously stirred for 3 
minutes more, then ZnCl, was added. ‘The dross was skimmed off as in run 66. 

The recovery wasas follows: Primary yield, 1.1 pounds, or 37 per cent; large buttons, 
0.35 pound, or 11.5 per cent; total yield 1.45 pounds, or 484 per cent, or 57 per cent 
on the basis of metal content of charge. 

Run No. 68.—The whole charge, consisting of 3 pounds of borings with three- 
eighth pound NaCl-CaF, flux mixed in, and three-eighth pound spread on top was 
charged in the hot furnace; ran 16 minutes. The flame was not smoky. The flux 
and dross were too dry. 

The recovery was as follows: Ingot, 1.6 pounds, or 534 per cent; large buttons, 
0.25 pound, or 84 per cent; total, 1.85 pounds, or 62 per cent, or 73 per cent on the 
basis of metal content of charge. 


a 
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When the runs are tabulated in the order of the amount of 


NaCl-CaF, flux used, the results may be summarized as follows: 


Summary of results wn tests with reverberatory furnace. 





Yield of metal— 





rae On basis of weight of chi 
of flux, n basis of weight of chips. Tot 
oe bean based on Method of adding flux. yield 
weight of a aa a ee er 
chips. Second: of metal 
Primary ae Total. | content 
y- of charge. 
Per cent. Per cent. | Per cent. | Per cent. | Per cent. 
66....| NHJCI.. 5 | Atiend of meltcoss.-c. oe eee lee ee 38.5 « 43.5 51 
67....| ZnCly. .. Bales 6 Gis ieee ate me ne ee eed 37 11.5 48.5 57 a 
68....| 85 parts 25 | Half mixed in charge, half placed 53. 5 8.5 62 73 
NaCl, on top. 
15 parts 
Cake. 
HS see ee arenes b25 | All mixed in charge ¢.............. 40 31 71 83.5 
GOSS (Fae G0.o2. 33° All placed on top 22 2a. 52 -seesenee 52 6.5 58. 5 69 
Ole ose Govaie 50 | Two-thirds mixed in charge, one- 70 15 71.5 84.5 
third placed on top. 
Lis Seopa Bee Gone: 50 | All mixed in charge d.............. 58 3 61 71.5 
DOM Seton. GOavsee 60 | One-half mixed in charge, one-half 75 1.5 76.5 90 
placed on top. 
625 Fae donee 66°) All :mixediin charges 4522 aos 70 1.5 71.5 84.5 
Gocnecicoe dO ere 83 | Three-fifths mized in charge, two- 73.5 1.5 75 88 
fifths placed on top. 
6425..-}..5 dos35 100. | All mixed in charge.............:. 70 8 78 92 


a Reducing flame, charge stirred constantly. 

b 37 per cent including flux used on remelt. 

¢ 4 pounds borings, not heated hot enough, 50 per cent of flux used on remelt of secondary yield. 
@ 5 pounds borings, charge too large, causing flame to strike it. 


REMARKS ON RESULTS OF TESTS. 


In run 68 evidently not enough flux was used, as the flux plus dross 
was dry, and the primary yield was low; that is, there was poor sepa- 
ration. 


Run 58 showed even poorer separation, as the temperature was 


not raised high enough. Increasing the proportion of flux on the 
remelt made up for his somewhat. 


Run 60 also shows a poor primary yield, the flux being all on top 


and not properly protecting the borings. 


In run 63 the charge was too large, so that the flame played “direotly | 


on much of the surface of the charge. 


On account of the greater surface in the reverberatory than in the 


crucible, it is natural that a greater proportion of flux be required. 


Runs 59, 61, 62, 64, and 65, with enough flux, of which a sufficient 


amount was mixed in, averaged a primary yield of 70 per cent and a 
total yield of 74.5 per cent, based on the weight of chips, or 87.5 per 
cent on the basis of metal content, as compared with a primary yield 
of 40 per cent and a total yield of 50 per cent, or 60 per cent on the 
metallic basis when NH,Cl or ZnCl, was used for flux. That is, the 


tests, though on too small a scale to be conclusive, indicate that with 
a suitable flux to coat the globules from the melting of the tiny bor- 
ings, reverberatory melting may be feasible and give as good results: 


$B 
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as crucible melting, whereas without such a flux reverberatory melt- 
ing is undoubtedly not as good as crucible melting. 

' These tests, like all the previous ones, have shown better experi- 
mental results on the same lot of borings when the NaCl—CaF, flux 
was used than by any other of the methods advocated. 

Robinson / has recently obtained a patent on a process of recovering 
metals in which he melts salt in a reverberatory furnace, then from 
time to time adds the aluminum-bearing refuse, mixed with 10 per 
cent of its weight of cryolite, to dissolve aluminum oxide, preferably 
operating with constant puddling. As this patent appeared after the 


‘3 experiments herein described were completed, no tests were made of 
this method. 


ELECTRIC MELTING. 


A further test of the NaCl—CaF, flux was made on a rather larger 
scale with a crucible electric furnace of the Hoskins type. Runs 17 
to 21 had not indicated any appreciable advantage from melting in 


the reducing atmosphere of this type of furnace, and the furnace was 


used merely because it was the most convenient one at hand in the 


laboratory which would take larger charges than the small gas furnace. 


EXPERIMENTS IN MELTING INGOT. 


In three runs on ingot, in which a total quantity of 69 pounds of 
clean No. 12 ingot was remelted in this furnace without flux, the 
clean ingot poured weighed 68.5 pounds, also 0.5 pound of skimmings 
and spillings were obtained, of such metal content that at least 0.3 
pound of clean metal would have been obtained on remelting them. 
That is, the actual metal loss was not over the one-third of 1 per 


_ cent given by good melting practice with the iron-pot furnace. 


EXPERIMENTS IN MELTING BORINGS AND SKIMMINGS. 


Three preliminary runs A, B, and ©, were made on some odd lots of 


borings that had accumulated from the previous runs, hereinafter 


reported, on sizing the borings, and on some skimmings and spillings. 

Run A was made on 16.65 pounds of miscellaneous borings, differ- 
ent from but approximately of the same quality as those used in run 
B, with which 20 per cent by weight of the flux consisting of 85 per 
cent NaCl and 15 per cent Cal’, was mixed. The recovery, based 
on total weight of chips taken, was 11.8 pounds ingot, 0.6 pound 
buttons, or a primary recovery of 71 per cent and a total recovery of 
74.5 per cent. 

In run B, on 15 pounds of miscellaneous borings plus 20 per cent 
of the flux, the primary yield was 11 pounds ingot, or 73.5 per cent, 
and the total yield 12.2 pounds, or 81.5 per cent, on the basis of total 
weight of chips. 


— 


@ Robinson, C. S., U. S. Patent 1180435, April 25, 1916, 
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In run C, on 13.5 pounds skimmings, plus 20 per cent flux, recov- _ 
ery was 11 pounds ingot, or 11.25 pounds in all, or a primary yield 
of 82 per cent and a total yield of 83.5 per cent. Two runs were 
then made on chips from lot B with the following results: 


Results of melting miscellaneous borings with NH,Cl and NaCil-CaF, fluc. 


Run Run 
No. 69 No. 70 
Observer oe a. ee ee. Ce Boe wae eed G,L G,L 
Weight of chips taken, pounds............-..-- 15 15 
Fluxinaed Seo Tee ree ft PLCS Pe et ee NH,Cl 85 parts NaCl. 
15 parts CaFy. 
Percentage of flux used, on basisof weightofchips 2 20 
Yield of metal: 
Primary yield, percentage of weight of chips. 53 68.5 y 
Total yield, percentage of weight of chips... 58 fi . 
Total yield, percentage of metal content of 
CHATYC 25 oe cei «oe J ae te tee 68.5 84 


As the crucible was loose in the furnace, not being supported at 
the sides, puddling was not feasible, so in run 69 the borings were 
poked and stirred quite constantly as long as oil was smoking off, 
but the metal was allowed to become more fluid between chargings 
than was the case in the puddling experiments. r 

In run 70 no stirring was done till the end, when the temperature — 
was raised well above 900° C., so that the flux was really fluid. 


COMMERCIAL TEST OF SALT AND FLUORSPAR FLUX. : 


As the iron pot, puddling process and the crucible, salt and fluor- 
spar process appeared to be, from the experimental results and from 
the reports of the users of the different processes, the two most 
satisfactory in commercial use, it was suggested to the firm using 
the puddling process that to test that process against the salt and 
fluorspar process on the same lot of borings would be of interest. 
It was pointed out that the higher temperature required in the — 
latter process to make the flux fluid enough to allow a good sepa- 
ration might be too high to permit practical life of the iron pot. 

This firm made such a test, using an iron-pot furnace for both 
methods, and reported as follows: 


A lot of borings that had been passed through a magnetic separator was carefully 
weighed, mixed, and divided into two parts. One part was melted down by puddling, ~ 
about 2 per cent of zinc chloride being used as final flux; the other part was mixed 
with 25 per cent of a flux consisting of 85 per cent salt and 15 per cent fluorspar. The 
cost of flux per 100 pounds of chips was 10.4 cents for zinc chloride and 10.8 cents for 
the salt and fluorspar flux. The chips contained 13.3 per cent oil and 0.6 per cent free 
iron left after commercial magnetic separation. The dross from each melt was put in 
water, concentrated in a tumbling barrel, dried, and assayed, by running down in > 
a small crucible, for its metal content. 

Test 1.—1,049 pounds of chips plus 20 pounds of zinc chloride yielded 778 pounds 
of ingot and 27 pounds of concentrated skimmings containing 74 per cent metal, or 
20 pounds, a total of 798 pounds, giving a primary recovery of\74.16 per cent and a 
total recovery of 76.06 per cent. 


a ee 


bt 
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Test 2.—508 pounds of chips mixed with 126 pounds of the flux consisting of 85 


_ per cent salt and 15 per cent fluorspar yielded 376 pounds ingot and 22 pounds con- 
' centrated skimmings of 62.5 per cent metal content, or 14 pounds, a total of 390 pounds, 
_ giving a primary recovery of 74.01 per cent and a total recovery of 76.71 per cent. 


Test 1 took 64 hours and test 2 took 8 hours, or the ingot produced per hour was 119 
pounds with the puddling method as compared with 47 pounds by the salt and fluor- 
spar method; that is, the production was cut down 60 per cent. The iron pot used 
in test 2 was practically ruined at the end of the test, owing to the high temperature 
necessary to melt the flux. The metal is heated too hot during the melting, thus 
injuring the quality, in the salt and fluorspar method. The results show that the 


_ salt and fluorspar flux can not be used with an iron pot, for the flux has little effect 
if not pasty or molten, and the temperature necessary for this result is too high for 
the iron pot. The best place to use such a flux is in melting grindings or very dirty 


borings. When work slackens somewhat we are going to make a test with a crucible, 


and will inform you of the results. 


No report has yet (June, 1916) been received on the crucible 
test. From some other comments it seemed possible that this firm 
had used continuous puddling on test 2 as well as on test 1, although 
in suggesting the test it was pointed out that continuous stirring 
was apparently not desirable with the salt and fluorspar flux. An 
inquiry on this point, and as to whether the borings contained dirt 
as well as oil was unanswered. From the comment on the apparent 
applicability of the salt and fluorspar flux to dirty borings, it would 


seem probable that the borings tested were not dirty. 


If the true metal content be taken as the oil-free content, the 
recovery of 76 to 77 per cent obtained by both methods is equivalent 
to 88 to 89 per cent on the basis of true metal content, or well above 
the 68 to 70 per cent recovery, on the basis of original weight of 
chips, reported by this firm as its average yearly recovery on all 
borings melted by the puddling process, which would indicate that 
the borings used were of better quality than the average. 

Although the results of this test are unfavorable to the use of salt 
and fluorspar flux for iron-pot melting, they do not show how pud- 
dling in an iron pot and using the salt and fluorspar flux in coke or 
oil-fired crucible furnaces would compare. The output per furnace 
was less with the salt and fluorspar flux, but it should be remembered 
that when salt and fluorspar flux is used the charge does not require 
continuous stirring, as in the puddling process, and that the output 
per furnace tender should therefore not be reduced. Of course, the 
melting of 25 per cent of flux will require more fuel than in a process 


_ which does not use a large proportion of flux. Moreover, if the re- 


sults of the small-scale tests on reverberatory melting would hold on 
a commercial scale, it would appear that the fuel and labor economies 
possible from melting in a reverberatory on a larger scale than with 
-erucible or pot furnaces, might perhaps be better gained by using the 
salt and fluorspar flux, as puddling in a reverberatory would be very 


difficult. 


| 


é 
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EFFECT OF SIZING THE BORINGS. 


In order to determine whether sifting the borings and melting the 
larger and the smaller sizes separately would be of advantage, some bor- 
ings from lot A were sifted on a 20-mesh riddle, 80 per cent remaining 
on it and 20 per cent passing through it. The results of runs made 
on these borings were as follows: 


Results of melting sized borings from lot A with NH,Cl flux. 


Run No.71. Run No. 72. 


Size of boringe iy segs es hs eee ea Pee Over 20- Under 20- 
mesh. taesh. 
OBSERVES Shey Roe erate slab: Lai cya hem ae ot tines ones G G 
Weight of chips used, kilograms.................- 2 2 
Percentage of flux, on basis of weight of borings. -. 2 2 
Yield of metal, on basis of weight of chips: 
Primary yield;"per centit20sa 5 fe Coe 50. 5 8.4 
Totalyteld per tents. 2a Situ. ws, eee 67 5 18.3 


As the total yield on the larger borings, which make up 80 per cent 
by weight of the unsifted borings, was 67.5 per cent and that on the 
smaller borings, which make up 20 per cent of that weight, was 18.3 
per cent, the total yield on the basis of weight of unsifted chips was 
(67.5 X 80) + (18.3 x 20) 

100 
cent of the actual metal content. 

A 14-mesh riddle was used in order to get a better separation off 
larger borings from the smaller ones, and the material passing 14- 
mesh was sifted on a 40-mesh screen to free it from dirt, the material — 
under 40-mesh being discarded. The two sizes were each melted 
with the NaCl—Cal’, flux by heating to 900° C. The following results 
were obtained: 


=58 per cent, which is equivalent to 64.5 per 


Results of melting sized borings from lot A with NaCl-CaF, and ZnCly. 





Quantity Yield of metal, on 


of flux en of weight of 
AS Lot. ive Size of borings. |Observer.| Flux used. Feat at eae 
weight 
of chips. | Primary.| ‘Total. 
Kg. Per cent. | Per cent. | Per cent. 
ose A 1.25 | Over 14-mesh..... J 85 parts NaCl, 15 84 84.5 
15 parts CaF. 
Wao A saya). |p ee do... eer ewes Co pagel es 15 87 88 
Thee A LaDoulseee GO Sk Petes 1 ee alk se eee 25 87 
76... A 2D ieee CCD II yl 2 ok a Deen ee do 25 86 86.5 
(ie A 1 Between 14 and A ne Bn aes dot aaet 25 71 72 
40 mesh. 
78... A Were eee adocek Jive (ones Gott fess. # 25 73,5 74 
80... A [rice re Omer ele ances Hoe oi laa See CO eis 50 68 68.5 
SE A Dy ei eeee's GO igeee cones a Ses ae (ne eer C0 Spee. 50 70.5 71 
82a A Lite lessee donc. As J YAO) Cabin Ase = 2 56 61.5 


@ Run 82 was made by the puddling process. 





EXPERIMENTS IN MELTING ALUMINUM CHIPS. 59 


In the runs in which the NaCl-CaF, flux was used the average total 
recovery on the material over 14-mesh was 87 per cent and on that 
between 14 and 40 mesh it was 71.5 per cent. As 54 per cent of the 
unsifted borings passed the 14-mesh riddle, 42 per cent was between 
14 and 40 mesh, and 4 per cent was under 40-mesh and discarded, 
being practically all dirt.» The results may be figured as follows: 
(54X87) + (42 X71.5) 
“Oo 100 
basis of the original weight of dirty borings, or 85.5 per cent on the 
basis of metal content, a recovery that is only slightly better than 


=77 per cent, which is the total recovery on the 


| the average of results on unsifted material and is the same as the 


maximum. On the very fine material the use of salt and fluorspar 


- flux gave markedly better results than puddling, which suggests that 


the borings might be sifted and the puddling process used on the 
cleaner and larger fraction, thus allowing the use of the iron pot for 


- most of the chips, and the smaller and dirtier part melted in crucibles 


onstaal 


in coke or oil fires with NaCl-CaF, flux. This method would reduce 
the fuel consumption, as more would be required to melt the large 


‘amount of NaCl-Cal’, flux needed were it to be used on all of the 


borings without sifting them. 

Some chips from lot B were also sifted on 14 and 40 mesh riddles, 
giving 57.5 per cent over 14-mesh, 30.3 per cent between 14 and 40 
mesh, and 12.2 per cent under anon which was practically all 
dirt, and discarded. A run (No. 83) was made on the material that 
was over 14-mesh, in the electric furnace used for runs 69 and 70. 
The results were as follows: 


Result of melting chips from barrel B, over 14-mesh in size, in an electric furnace (run 
No. 88.) 
Observers, G and L. 
Weight of chips used, 15 pounds. 
Flux used, 85 per cent NaCl and 15 per cent CaFy. 
Quantity of flux used, based on weight of chips, 20 per cent, 
Yield of metal, on basis of weight of chips: 
Primary yield, 86.5 per cent. 
Total yield, 89 per cent. 


This larger scale test on the material over 14-mesh from lot B 


agreed well with the tests in the small gas furnace (runs 73 to 76) of 


the material over 14-mesh from lot A. The material from 14 to 40 
mesh in size was used in washing tests. 

As the large chips are much easier to handle so as to get a high 
recovery than those under 20-mesh, it would pay to separate them for 
remelting if some use could be found for the fine material. Where, 
as in the case cited on page 10, there is a demand for chips for chemical 
use, this could be done. Possibly the fine material might be used in 
calorizing, after further comminution, and would offer a cheaper 
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source of aluminum for that purpose than the aluminum powder now 
used, provided the copper or zinc in the alloy chips was not detrimental, 
and provided also that the dirt in the chips would take the place of 
the aluminum oxide now added to prevent coalescence. 


EXPERIMENTS IN WASHING THE CHIPS. 


The results in all-of the experiments described go to show that 
clean borings may be melted with comparatively little loss, and that 
a small content of fine dirt greatly increases the difficulty of making 
the tiny globules coalesce. When the borings are oily, the dirt 
sticks tightly to them, so that simply sifting them will not remove 
the dirt. 

Obviously the next experiment to try, then, was to wash the borings 
so as to free them from oil and then sift out the dirt. 


WASHING WITH HOT WATER. 


An attempt was made to wash chips from lot A with hot water, in 
the hope that the oil would be freed from the chips and float to the 
top. But although the chips in lot A contained about 8 per cent oil, 
as was determined by ether extraction, not a trace of oil was floated 
off by the water. Bancroft* has explained this retention of oil by the 
fact that aluminum adsorbs oil more readily than it does water. He 
has found in flotation experiments that if aluminum powder be shaken 
with kerosene and water, the aluminum goes entirely into the kero- 
sene layer, being floated up byit. In the experiment by the writer 
the chips, being too heavy to be floated by the small amount of ad- 
sorbed oil, held the oil down with them instead of rising with it as in 
the case of the powder in the presence of much oil. 7 


WASHING WITH A WATER-SOLUBLE CUTTING COMPOUND. 


Inasmuch as a high recovery was reported on ehips cut with a 
water-soluble cutting compound and then centrifuged, it was thought 
possible that oily borings washed with this compound might be cleaned — 
and freed from dirt, so some of the compound was obtained oe 
the courtesy of the asileres 

This compound was a stiff white emulsion of oil, soda soap, and 
water, the water forming over half of the material. On ignition it 
formed 2 to 2.5 per cent ash, mainly Na,CO,. It was practically 
neutral in reaction, showing a very faint alkaline reaction with 
phenolphthalein, due to hydrolysis of the soap. When the com- 
pound was stirred into water a very stable milk-white emulsion was 
formed. 





@ Bancroft, W. D., In discussion. Trans. Am. Electrochem. Soc., vol. 23, 1913, p. 294. 
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Washing chips from lot A with this emulsion did not remove appre- 
eiable amounts of oil or dirt, so that the high recovery reported seems 
due to cleanliness rather than to any specific action of the cutting 
compound. 

WASHING WITH GASOLINE. 


Washing with gasoline was then attempted. The borings were 
washed on a 20-mesh riddle and the fraction over 20-mesh and that 
under 20-mesh were dried separately. The dry material under 20- 
mesh was then sifted on an 80-mesh riddle. Only one change of 


_ gasoline was used, but it took nearly 5 gallons of gasoline to wash 


about 60 pounds of borings. The results of washing were as follows: 
Oil eliminated, 3 per cent; dirt eliminated, 7 per cent; clean borings 
over 20-mesh, 72 per cent; clean borings under 20-mesh, 18 per cent. 

The borings over 20-mesh were quite bright, but there was still 
some oil not yet washed out and some dirt adhering to them, and on 
melting down these borings oil still smoked off, though the smoking 
stopped much sooner than with the original unwashed material. 


The washed borings under 20-mesh contained a little more oil than 


those over 20-mesh, and considerably more dirt. As no accurate 
method of analysis to determine the amount of dirt still retained 
could be devised, the assumption was made for purposes of compu- 
tation that the borings after washing were 100 per cent metal. 

A heat of washed borings was then run with a mixture of 72 parts 


| ot borings over 20-mesh and 18 parts of borings under 20-mesh— 


that is, a mixture that could be considered as washed but not sifted. 
The results of this run were as follows: 


Results of melting borings washed in gasoline (run No. 83). 


Chips from lot A used in test. 
Observer, G. 
Weight of chips used, 2 kilograms. 
Flux used, NH,Cl. 
Quantity of flux used, based on weight of chips, 2 per cent. 
Yield of metal, on basis of weight of chips: 
Primary yield, 60 per cent. 
Total yield, 67 per cent. 


As this charge weighed but 90 per cent of what the unwashed 
borings would weigh, and the washed borings are assumed to be all 
metal, the total yield given, 67 per cent, is on the basis of metal content, 
and the total yield on the basis of original weight of chips is 60 per 
cent. 
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Samples of the two fractions were then run separately, with results 
as follows: 
Results of melting the fractions separately. 


Run No. 84. Run No. 85. 


Weight of chips used, Kildsrams.-2 2.25 oes Steel os a ee ee 
Observersckt ose see eee ee eee eee Gg: G. 
Size. of borings; css eiot yeas: Sos eee sods ecee Over 20- Under 20- 
mesh. mesh. 

Blwx bed oie Sect a tes soe alae coca NH,C1 NH,Cl 
Percentage of flux used on basis of weight of chips. 2 2 
Yield of metal, on basis of weight of chips: 

Primary yietde per cout ecwiec. sce crs area 73.5 26. 8 

Totaliyicldsiper Centls SOF et cma 81.5 37,3 


The average total yield, on the basis of the original weight of 
unsifted borings, is ONENESS ys per cent, or on the 
basis of true metal content is 73 per cent. Samples of the two frac- 
tions were also run separately, poking each into a heel of 1 kilogram 
of molten metal, with the following results: 


Results of melting borings with heel of molten metal. 





Quantity | Yield of metal on basis of 


of flux weight of charge. 
Run : Charge : Ob- Flux used on : 
No. Chips used. used. Size. server.| used. basis of 
weight of ‘ Aver- 
charge. Primary.| Total. age. 
kg. Per cent. | Per cent. | Per ct. | Per ct. 
86....| Chips from lot A, 1/ Over 20-| G..... NH,CI.. 0 8025 | eee 
washed with gaso- mesh. 
line. 
87 eo 0 xetteses tess cer 1| Under 20- | G....¢!... doscone 2. 29.5 41.5 
mesh. 40.5 
88 Ossetia ccsce ces] uae locate Ooeaee erdOuscac 2 23.5 39.5 





By this method the total yield, on the basis of weight of unsifted 
(72 X 80.5) + (18 x 40.5) 
100 
true metal content is 73 per cent. 

When runs 84 to 88 are compared with runs 2 to 7 and 24, 25, in 
which similar melting methods were used on unwashed, unsifted mate- _ 
rial it appears that there is probably a shght advantage, as regards 
recovery, in washing and sifting. 

Some of the material over 20-mesh washed with gasoline was 
melted with the NaCl-CaF, flux, with the following results. 


borings, is =65 per cent, or on the basis of 
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Results of melting washed borings over 20 mesh in size with NaCl-CaF, flux. 


Run Run 
; No. 89. No. 90. 
ETE a ge ok he Se Campanas Spee omen ane gC a ah J. 
Soe CL MITT Ro ed ge el Glatt wet AL aie Over 20- Under 20- 
mesh. mesh. 
Weight of charge used, kilograms............-... 1. 25 120 
Percentage of flux used, based on weight of bor- 
eA fe dak ai oa Ri ao Bg ht pl tS kat ag 25 25 
Yield of metal, on basis of weight of borings used: 
primary yield, pen Celts. .0..c% se. si2 in as 86.5 87 
LOLI V lel; POL CONL s.-ctanw aoe s ass oem ea es 87.5 88 


The results check with those obtained on melting unwashed bor- 


ings over 14-mesh with this flux in runs 73 to 76 on chips from lot A 


and in run 83 on chips from lot B, but are not superior, so that if 
washing is of advantage its advantage is mainly on the finer borings. 


WASHING WITH CAUSTIC-SODA SOLUTION. 


_ No runs were made with this flux on the fraction under 20-mesh, 
washed in gasoline, as the supply of this fine material was exhausted 
and gasoline washing seemed to be too expensive a process for com- 
mercial use. However, some of the material between 14 and 40 
mesh left from the sizing of part of lot B for run 83 was washed in a 
dilute solution of caustic soda. Caustic soda or caustic potash in 
dilute solution, is used as a cleaner before polishing aluminum arti- 
cles. If saponifiable oil or grease is present, it will form a soap that 
will tend to emulsify paraffin oil. If there is no saponifiable matter 
in the cutting oil, soap could be added to the NaOH or KOH solution. 

Preliminary tests showed that the oil and dirt in chips of lot B 
were so loosened by the action of a 0.5 per cent solution of NaOH 
that if the chips were placed in the solution, allowed to remain with 
constant stirring till slight chemical attack of the NaOH on the 
- aluminum had begun, as shown by a fairly rapid evolution of gas 
bubbles, a great deal of the dirt was brought to the top by the gas 
and could readily be floated off with water, which also serves to 
wash out the caustic solution. 

After the chips had been washed, they were freed from water by 
centrifuging and then drying at 100° C. 

The method of washing was rather crude, 1,500 grams of the chips 
_ between 14 and 40 mesh being placed in a pan, 5 liters of 0.5 per cent 
NaOH solution added, and the whole stirred till there was a fairly 
- copious evolution of gas, which required about 10 minutes. Water 
_ was then run into the bottom of the pan through a tube and allowed 
to overflow with constant stirring of the chips until the water ran 
clear, which took about 10 minutes more. 

The chips were then drained and centrifuged. The only centri- 
fuge available was of very small capacity and there was a slight 
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mechanical loss in transferring the chips. From 1,500 grams of the 
14 to 40 mesh chips, 1,412 grams of slightly damp chips were obtained 
after centrifuging, which, after being dried at 100° C. and 15 grams 
of dirt sifted out on an 80-mesh screen, weighed 1,362 grams—that 
is, 9 per cent of the 1,500 grams of the 14 to 40 mesh fraction, or 3 per 
cent of the unsifted dirty borings, was removed from this fraction by 
washing. The 1,362 grams were then run down with 20 per cent of 
the NaCl-CaF, flux. 
The results of the test were as follows: 


Results of melting chips 14 to 40 mesh in size, washed in NaOH solution (run No. 89), 


Chips used, from lot A, 14 to 40 mesh, washed in NaOH solution. 

Observer, J. 

Weight of chips used, 1.33 kilograms. 

Flux used, 85 per cent NaCl, 15 per cent CaFy. 

Quantity of flux used, based on weight of charge, 20 per cent. 

Yield of metal, on basis of weight of chips: 

Primary yield, 72 per cent. 
Total yield, 75.5 per cent. 

On the basis of the 1,500 grams originally taken, the total recovery 
was 68.5 per cent, which is slightly less than the yield of 71.5 per 
cent obtained in runs 77 to 81, which were made on the unwashed 
14 to 40 mesh fraction from lot A, but it must be remembered that the 
chips in lot A were not so dirty as those in lot B. 

As the recovery on the unwashed fraction over 14 mesh in size 
used in run 83 was 89 per cent, the total recovery, calculated on the 
basis of original weight of unsifted material, is 


(57.5 X 89) + (30.3 X 68.5) 
"er cg 0 Ge ee 72 per cent, 


or, on the basis of true metal content, 85 per cent. 

Two 1,500-gram samples of the unsifted borings from lot B were 
then washed with NaOH solution, centrifuged, and dried, one yield- 
ing 1,326 grams and the other 1,316 grams. These samples were 
~ run down with 20 per cent of NaCl-CaF, flux, with results as follows: 


Results of meliing unsifted borings from lot B, washed in NaOH solution. 


Run Run 
No. 90. No. 91. 
Observer tees uk Ge ee eee J J 
Weight of borings used, loses Tugane 135 15 


80 parts NaCl 80 parts NaCl 
Fla Me ae eae tf parts CaF, 15 parts CaF, 
Quantity of flux, on basis of weight of 
chips, per-Centsge. toa o ses ce ccs se ole 20 20 
Yield of metal: 


Primary yield, percentage of weight 


Of CRIS octagon meee ces 71 70 
Total yield, percentage of weight of 
chips: Go4c2h eee ee eet 74. 5 75 


Total yield, percentage of metal 
content Of Chips, ca «= sou ee tae 87.5 88. 5 
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- These results show enough improvement over those on unwashed 
chips from lot B to make it seem possible that washing dirty borings 
with dilute NaOH solution might be worth while. One method that 
suggests itself for trial on dirty borings is to use a concentrating 
table of the Wilfley type, fed not with water but with dilute NaOH 
solution, or with a solution of both NaOH and soap, the solution to 
be run into a settler and pumped back into the system, followed by 
washing with water and centrifuging. 

From the comparative readiness with which dirt was freed from 


| the chips in the experiments it would seem that such treatment 
would be worth a commercial test. As most refining plants and 


many nonferrous foundries are now equipped with concentrating 


tables for use on brass-foundry wastes, the only unusual piece of 


apparatus required would be the centrifuge. 

Borings thus cleaned and dried would probably be more readily 
separated from free iron on being passed over the magnetic separator 
than oily borings. Were a centrifuge installed, very oily borings, 


such as contain 10 per cent or more of oil, might be run through the 


centrifuge before washing, which would leave less work for the 


cleaning solution to do, and the cost of the operation would probably 


_ be compensated for by the value of the oil recovered. 


MISCELLANEOUS EXPERIMENTS IN ELECTRIC FURNACES. 


After the experiments above cited had been completed, another 
indirect arc furnace was constructed for other purposes, and the 
question arose whether or not the furnace would be applicable to 
melting aluminum chips. 

Another lot of No. 12 alloy chips, designated as lot D, was obtained 
from a large refining company, which stated that it had made a 77 
per cent recovery, on the basis of the weight of the chips, from these 
chips by the puddling process. 

On chips that were sized without extracting the oil, the re- 
coveries were as follows: Chips over 14 mesh in size, 62 per cent; 
between 14 and 40 mesh, 30 per cent; and under 40 mesh, 8 per cent. 


_ By extraction with ether, 5 per cent of oil was obtained; and by 


sifting the oil-free borings on a 40-mesh sieve, and carefully floating 
off the dirt from the small amount of aluminum that passed the 40- 
mesh sieve, 7 per cent of dirt was obtained. Hence the chips con- 
tained at least 12 per cent of nonmetallic material, and the metal 
content was not over 88 per cent. This means that in commercial 
practice the puddling process gave a recovery of 87.5 per cent of the 
metallic content. 
32495°—16——5 
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The indirect arc furnace resembled in form a horizontal cyl- 
inder. The melting chamber was 15 inches in diameter and about 
15 inches long. Graphite electrodes 2 inches in diameter were passed 
horizontally into the center of the chamber, and the arc was formed 
between them. The furnace lining forming the melting chamber was — 
of fire brick, coated with asbestos cement, and this layer was coated 
with alundum magnesite mixture. 


MELTING WITH ALUNDUM-MAGNESITE LINING. 


Run No. 92.—Twenty-five pounds of chips, mixed with 10 pounds ~ 
of flux, consisting of 85 parts NaCl and 15 parts Cal, was charged 
into the cold furnace. ‘The charge came within about 2 inches of the 
arc. After 42 minutes heating in which 20 kilowatt-hours were 
used, a pool of metal had collected in the bottom, and the tempera- 
ture was 900°C. The flux was not fluid and still held many buttons 
of metal, and a few unmelted chips remained in the bottom of the 
furnace. The yield of ingot was 6.25 pounds, or a primary yield of 
25 per cent on the basis of original weight of chips charged. The 
flux was scraped out and on being crushed and washed yielded 8.25 
pounds of buttons, or 35 per cent, which, with the 25 per cent pre- 
viously obtained, made a total recovery of 60 per cent, on the basis 
of original weight of chips. 

It was evident that the charge as a whole was not hot enough, and 
that it would have been better not to charge so many chips at once. 
The magnesite-alundum lining was badly attacked and began to 
crumble off, and as this was believed to be due to the effect of the © 
fluorspar, it was decided to try common salt in the next heat. 

Run No. 93.—Ten pounds of chips mixed with 5 pounds NaCl was 
charged into the cold furnace and the current turned on, 17 kilowatt- 
hours being used in 29 minutes, then 10 pounds of chips mixed with 
5 pounds of NaCl was added. Heating was continued 25 minutes — 
more, using 13 kilowatt-hours, or the total power input was 30 — 
kilowatt-hours. The temperature was over 1,000° C, but the mass 
of NaCl and dross was only pasty. From the 20 pounds of chips 
charged, 7.5 pounds ingot and 5 pounds of buttons were obtained, ~ 
or a primary yield of 37.5 per cent and a total yield of 62.5 per cent, 
on the basis of original weight of chips. The lining continued to 
crumble. 4 

Run No. 94.—The furnace was preheated by the use of 15 kilowatt- 
hours and then 15 pounds of chips, plus 15 pounds of flux, consisting 
of 85 parts NaCl and 15 parts of CaF, was charged. Ten pounds 
of the flux was mixed with the chips, and 5 pounds placed on top of 
the charge. After 27 minutes, in which 15’ kilowatt-hours more 





ee 
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was used, the charge was at a temperature of 900° C. The bulk of 
the flux was fluid, but it contained some matted masses of flux and 
dross that were only pasty. Seven and one-half pounds of ingot and 
some flux were poured. ‘The flux that poured out with the metal was 
replaced in the furnace and heated 20 minutes, in which 10 kilowatt- 
hours were used. ‘Two and nine-tenths pounds ingot was obtained 
on the second pour. The flux was all fluid at this time. Besides 
the total of 10.4 pounds of ingot, 0.9 pound of buttons was recovered 
_ from the slag, giving a primary or ingot yield of 69.5 per cent and a 
total yield of 75 per cent on the basis of the weight of chips charged. 

‘The lining was still crumbling badly, and after the furnace had cooled 
all loose pieces were taken out. By this time most of the alundum 
magnesite layer of the lining had come off. It appeared that with a 
lining not attacked by the flux and with sufficient flux fair recoveries 
might be made. 

Run No. 95.—In order to determine whether less flux than was 
used in the previous run would serve, run 95 was made, after the 
furnace had been preheated for 15 kilowatt-hours, by charging 18 
pounds of borings mixed with 8 pounds of the flux (85 parts NaCl, 
15 parts CaF,) and placing 3 pounds of flux on top of the charge. 
After 44 minutes, in which 22.5 kilowatt-hours was used, there was 
a pool of metal in the furnace, and 10.2 pounds of ingot was poured, 
but the flux was not fluid. The heat was continued for 18 minutes, 
7.5 kilowatt-hours being used, and 1.4 pounds more ingot was poured. 
The flux was still only pasty. Five-tenths pound of buttons was re- 
covered from the slag, giving a combined primary or ingot yield of 
_ 64.5 per cent and a total yield of 67.5 per cent on the basis of chips 
charged. 

The furnace was then cleaned, and a run made on a charge of 37 
pounds of ingot. Starting with a cold furnace, it took 52 minutes’ 
time and a power input of 30 kilowatt-hours to heat the charge to 
735° C. Twenty-five pounds more of ingot was then added, and 10 
more kilowatt-hours used in 13 minutes. The charge was then at 
870° C., or hotter than is needed for pouring aluminum castings. Of 
course, after the furnace is once hot, the power needed to melt a given 
charge will be less than when the furnace must be heated also. More- 
over, a furnace of commercial size will be much more efficient than a 
small laboratory furnace. Nevertheless, the power required for the 
electric melting of aluminum, even under the most favorable condi- 
tions, will be high. In this heat, which was started with a cold fur- 
nace, a total power input of 40 kilowatt-hours was required to heat 
62 pounds of aluminum to 870°C., and 10 kilowatt-hours to melt 25 
pounds and raise it to 870° C., and also to raise the first 37 pounds 
from 735° to 870° C. This furnace, started cold, has melted 125 
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pounds of red brass ingot and heated it to 1,150° C. with 40 kilowatt- ; 


hours, and after the furnace was hot 19 kilowatt-hours has melted © 


and heated to 1,200° C. 130 pounds of red brass ingot. 
That is, it took about twice as much power per pound to heat the 


aluminum to its pouring temperature as it did to heat red brass to — 


its pouring temperature. ‘This is in accord with theory. Richards % — 


has calculated that theoretically about 278 heat units are required to 


heat aluminum to about 710° C., whereas only about 130 heat units are — 
required to heat brass or bronze to about 1,050° C. The difference is ~ 
due to the extremely high heat of fusion of aluminum, the relative — 


heats of fusion being as follows: Aluminum, 100; copper, 43; zine, 


23; tin, 14; and lead, 4. This high heat of fusion overbalances the 


higher temperatures needed for brass and bronze. 


Only in exceptional circumstances can electric furnaces compete — 


" - 


with fuel-fired furnaces in melting brass, unless the alloy is one on ~ 


which the use of an electric furnace can reduce the zinc loss, because 
of the high cost of electric power compared to fuel. Therefore it is 


evident that there is little hope of the electric furnace being able to © 
compete with the oil-fired, iron-pot furnace in melting ingot aluminum, ~ 
as ingot can be melted in pot furnaces with a loss of only one-third of — 
1 per cent, and there is no such margin for metal saving as in the case — 


of brasses high in zinc. 


When a large proportion of flux is to be melted, as in the fluxing 


method for aluminum chips, still more power will be required than in 


the melting of aluminum ingot. In the experimental furnace, and in 


most tilting electric furnaces, it is inconvenient or impossible to press 
the charge of chips and flux down into a compact mass, as is done in 


crucible melting. It is well known ® that at temperatures below a 


red heat, a porous mass with inclosed air spaces is a good heat insu- — 


lator and a poor heat conductor, so that notwithstanding the high 


heat conductivity of aluminum a mass of chips does not conduct heat — 


very rapidly. Thus, if the layer of loose chips on the furnace hearth 
is thick, the top part of the layer, being nearest the arc, may be 
seriously overheated before the bottom part is hot enough to melt. 
From the salt fumes coming from the are furnace when pouring, it 


appears probable that much sait is volatilized from the top of the 


layer, and that the chips on the top of the bath fail to coalesce and are 
so hot that they oxidize as soon as the furnace is opened to charge or to 


pour, and air enters. Hence much more flux is necessary than where | 
the borings can be jammed down into a crucible, although in crucible | 


melting with flux the constant stirring necessary in the puddling 


process is not required. 


a Richards, J. W., Electric power required to melt metals: Trans. Am. Brass Founders’ Assn., vol.4, 


1910, p. 93. 


b Ray, W. T., and Kreisinger, H., The flow of heat through furnace walls: Bull.8, Bureau of Mines, 


1911, 32 pp. 
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In an arc furnace the main source of heat is the arc itself, although 
some heat is of course reflected from the roof. As the arc is much 
hotter and much smaller than a flame, there is more danger of local 
overheating at the surface of the charge in an arc furnace than in a 
reverberatory furnace, where a sheet of flame covers the whole charge. 
An uncompacted mass of chips and flux, even at 900° C., is so viscous | 
that rocking the arc furnace back and forth fails to stir the mass 
enough to mix it and prevent local overheating. 

Hence, although there is a possibility that in a suitably lined 


electric furnace, where the lining is not attacked by the flux (linings 
of magnesite brick or mixtures of graphite and fire clay might perhaps 


serve) aluminum borings could be melted on a larger scale than in 


iron pots or crucibles, the reduction in labor cost would probably be 


more than offset by the higher cost for power as compared with the 
cost for fuel in ordinary types of furnaces. 


EXPERIMENT WITH GRAPHITE CRUCIBLE LINING. 


_ Another run was made to determine whether the indirect arc 
furnace would give satisfactory results with a better lining, as regards 
losses, without using so much flux as in run 94. It was thought that 


_ the lining that had crumbled off had acted like so much dirt in the 


chips and required excessive amounts of flux. 

As neither magnesite brick nor graphite and fire clay mixture was 
at hand, a No. 60 crucible was used as a lining for the furnace. A 
hole for the passage of the electrode was cut in the bottom of the 
crucible, and a hole for the charging door and pouring spout was cut in 
the side. The crucible was placed horizontally inside the furnace 


and fire clay was packed between the crucible and the former fur- 


nace lining and the hearth at the mouth end of the crucible, the pack- 
ing being completed with a mixture of ground crucibles and enough 
fire clay for a bond. This reduced the capacity of the furnace very 


_ greatly. 


Run No. 96.—After the furnace had been preheated with a power 
consumption of 12 kilowatt-hours, about two-thirds of a charge of 8 
pounds of chips mixed with 2.4 pounds of flux consisting of 85 
parts NaCl and 15 parts Cal’, was added. After 15 minutes, when 
8 more kilowatt-hours had been used, the other third was charged, 
and after heating 5 minutes longer, 3 kilowatt-hours being used, the 
charge was at 975° C. ‘The flux was only pasty and some thermit- 
like action was noted on top of the charge. Three and seventy-five 
hundredths pounds ingot and 1.25 pounds buttons were obtained, or 


a primary yield of 47 per cent, and a total yield of 62.5 per cent, on 


the basis of chips charged. As the crucible used as lining was not 
attacked and the result of this run was poor, the poor results of 
previous runs were evidently not mainly due to the crumbling of the 


— lining. 
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Although run 94 indicated that with a sufficient amount of flux, 
electric melting in an indirect arc furnace might be possible, it seemed 
very unlikely that it would be commercially profitable and experi- 
ments with the indirect arc furnace were discontinued. 


EXPERIMENTS WITH CRUCIBLE, RESISTOR FURNACE. 


As lot D was from chips on which the commercial recovery was 
known to be 77 per cent on the weight of the chips, it was decided to 
make a few crucible melts to compare the experimental results with 
the commercial ones. 

For these melts a No. 10 crucible was embedded in the granular 
graphite resistor of an electric resistor furnace, the crucible being’ 
taken out for pouring. 

Run No. 97.—The crucible was first heated to dull redness, then 
small amounts of borings were added from time to time and puddled, 
care being taken not to let the temperature rise appreciably above 
the melting point. It took 10 minutes thus to work in 3 pounds of 
borings. Then the crucible was covered and heated 3 minutes more, 
when 2 per cent of fused ZnCl, was stirred in, the dross skimmed into 
water, and the metal poured. The dross showed a little thermit- 
like action. Two and twenth-five hundredths pounds ingot and 0.5 
pound buttons was obtained, or a primary yield of 75 per cent and 
a total yield of 77 per cent, on the basis of the weight of the chips— 
that is, the same recovery was made as was found commercially. 

Run No. 98.—Borax, which has been suggested as a flux for 
aluminum chips, not having been previously tried, 3 pounds of 
chips and 0.75 pound of pulverized crystalline borax, equivalent to 
about 0.4 pound borax glass, were mixed together and most of the 
mixture was charged into the cold crucible. The furnace was then 
heated and after 16 minutes the rest of the charge was added and the 
whole poked continually as it melted down, to approximate condi- 
tions in the puddling process. After 7 minutes more the charge was 
heated to more than 1,000° C. but the borax flux was only pasty, 
and mostly at the bottom of the crucible. The ingot recovery was 
2.1 pounds and there was 0.20 pound of buttons, giving a primary 
yield of 70 per cent and a total yield of 76.5 per cent on the basis of 
chips charged. There was no thermit-like action. 

Run No. 99.—As it seemed possible that the use of a larger amount 
of borax, with the addition of some fluorspar, might. give a more 
fluid flux, the next run was made as follows: Three pounds of chips 
mixed with 1.2 pounds of pulverized crystalline borax and 0.1 
pound fluorspar were charged into the hot crucible. In 16 minutes_ 
the temperature was over 1,000° C., but the aluminum was all on 
top and the flux all on the bottom. Only 1.3 pounds ingot, or 43 
per cent primary recovery, was obtained. The mass of flux in the 
bottom of the crucible was full of exceedingly minute globules of 
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_ metal, which were not recovered. Borax is evidently too heavy to 
_serve as a good flux. 

Run No. 100.—Five pounds of chips was mixed with 1.5 pounds of 
the flux, consisting of 85 parts NaCl and 15 parts CaF,, and as much 
as possible of the mixture was packed into the cold crucible. After 
20 minutes heating the rest was added, and after a total of 49 minutes 
the charge was at 950° C. The flux was quite fluid. Three and 
seventy-five one-hundredths pounds ingot and 0.10 pound of buttons 
were obtained, or a primary yield of 75 per cent and a total yield of 
77 per cent on the basis of weight of chips taken. 

Run No. 101.—Five pounds of chips was washed 10 minutes with 
‘5 liters of 0.5 per cent NaOH solution, which removed much dirt, 
the NaOH was washed out, and the chips were stored under water 4 
hours. They were then drained of water, mixed with 1.5 pounds of the 
flux, consisting of 85 parts NaCl and 15 parts CaF,, and most of the 
damp mixture charged into the warm crucible. No oil smoked off, 
showing that it had been removed by the washing. After 15 minutes 
the rest of the charge was added, and after 15 minutes more the 
temperature was 975° C. The slag was fluid. Three and sixty-five 
one-hundredths pounds of ingot and 0.15 pound of buttons were ob- 
tained, or a primary yield of 73 per cent and a total yield of 76 per 

cent on the basis of weight of chips. There was a slight mechanical 
loss in washing and transferring the moist chips. 


CONCLUSIONS FROM RESULTS OF TESTS. 


The recoveries with the puddling method and the salt-fluorspar 
flux method, the latter on both dirty and washed chips, were prac- 
tically identical and the same as the commercial recovery gn these 
chips—that is, about 77 per cent on the weight of the chips and 87.5 
per cent on the metallic content. As the use of salt-fluorspar flux 
had given better results on previous lots of chips in a gas furnace 
than the puddling method, it seems likely that the previous poorer 
results of the puddling method may have been largely due to the 
fact that the products of combustion in the gas furnace were con- 
tinually sweeping over the metal as it was poked in. In run 97 
there were no products of combustion, and the conditions were very 
like those in the iron-pot furnace. 

It appears that, as puddling can not be done efficiently in a pit 
furnace, the use of salt-fluorspar flux is the most promising method 
of melting chips in pit furnaces. The temperatures required in the 
flux method are too high for the iron-pot furnace, and in that furnace 
the puddling method is preferable. In reverberatory melting the 
flux method is probably the better. 

The choice of the three methods—puddling in the iron-pot furnace, 
use of the flux in pit or tilting crucible furnaces, or of the flux in a 
reverberatory furnace—for commercial refining can not be decided by 
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laboratory tests. Costs of fuel, flux, crucibles or iron pots, furnace 
repair, and labor, the output in regard to floor space and furnace 
cost, the yield of ingot, the quality of ingot, the ease of recovering 
buttons from slag or dross, and other factors must all be taken into 
account in making a choice. It seems likely that for very clean 


chips the iron-pot puddling process would be more economical, 


whereas for very dirty chips the flux methods, whether in crucibles 
or in a reverberatory furnace, would apparently have a slight 
advantage. | 


QUALITY OF INGOT FROM ALUMINUM CHIPS. 


Ingot made from dirty aluminum borings or chips is necessarily 


somewhat less pure and less desirable than virgin metal. One 
would hesitate to use all boring ingot in important castings. How- 
ever, in small castings, such as are molded on the bench, if they do 


not have to stand a pressure test, 10 per cent of good boring ingot 


can usually be added to 90 per cent of new metal and back gates 
without increase in the proportion of defective castings and without 
detriment to the quality of the castings. In the case of large castings 
of complicated design, it is a moot question among aluminum founders 
whether or not the use of boring ingot increases the amount of cast- 
ings defective through cracking in the mold. In some cases which 
have come to the attention of the writers, boring ingot has given 
very low ‘hot shortness’’ tests, which would indicate a liability 
toward cracking in the mold. On the other hand, some foundry men 
have claimed that certain boring ingot, used in quantities even up 
to 30 per cent of the weight of the charge, markedly decreases the 
loss from cracking, although other ingot of practically the same 
composition markedly increases it. The matter is a difficult one 
to settle, as so many factors, such as the relative hardness or softness 
of the cores, the ramming of the mold, the temper of the sand, the 
design of the casting, the gating, and the temperature at which the 
metal is poured, may all have as much or more effect on the tendency 
to crack as has the composition of the metal. In fact, the analysis 
of the metal gives no real criterion as to its tendency to crack. 
However, it is true that some metal does crack worse than other 
metal of the same composition. “Some unpublished results of work 
by H. Goldberg have indicated that metal melted under conditions 
where waste gases from a strongly oxidizing flame may reach it is 


more likely to crack than would the same metal if melted under reduc- | 


ing conditions. | 
Although boring ingot does not command the price of new metal, 


a boring ingot not too high in impurities finds a ready market at a — 
price not much below that of new metal, and this is the best indication — 
that there are plenty of castings in which boring ingot may be — 


satisfactorily used. 
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On the other hand, there has been some boring ingot on the market, 
evidently made from a miscellaneous mixture of aluminum, babbitt, 
‘and other white metal and brass and bronze chips, which resembles 
‘aluminum only in its color, and which is of very little value to the 
‘founder. For example, two samples of metal offered for sale by 
one smelting company were analyzed by the foundry buying them, 
| with the following results: 


Composition of boring ingot made from various alloys. 


Sample A. Sample B. 


Stee coe eer to we ee howe eee per cent.. 17. 4 15.3 
ECM Oe ta tin eT RL IO i} he Sarde a dives 8. 4 6.7 
BONA Mi oe eae ORO Rae andthe inet dOs 4. 1.8 2.0 
oa Repairs Fn oes he og Ln MRIS cies dS do.... 2.4 2.8 
REAR Tee sae peg oi ee Gat cae ee woe ote ee ee Gogtcs 0.5 Trace. 
ATEN ces Porte ete as oe twas Ose eres : Kagalbegs 69. 5 73.2 


Samples of boring ingot from another company, sold as G. M. B. 
(good merchantable brand) metal, not as any standard alloy, analyzed 
by the buyer, gave results as follows: 


Composition of G. M. B. metal. 


Sample No. Copper. Zinc. Tron. Silicon. Lead. Tin. |Aluminum, 


Per cent. | Per cent. | Per cent. | Per cent.| Per cent. | Per cent.| Per cent. 
6. s 1.0 0.3 1.9 das 64. 
BRE OME Meee Ses ere iy he eof 4s 6.8 6.0 0.7 0.2 183 0.6 84.4 
Ls eter ae eee ae eee 725 5.6 0.8 0.4 2.0 1.0 82.7 


Another sample (F) from this firm, sold as No. 12 boring ingot, 
analyzed by the buyer, contained 7.2 per cent copper, 3.9 per cent 
zinc, 1.5 per cent iron, 0.4 per cent silicon, no lead nor tin, and 87 
per cent aluminum. 

Samples of boring ingot from a third company (all sold on the 
seller’s analysis), melted in crucibles in coke fires with NH,Cl flux, 
had the following compositions: 


Composition of boring ingot melted in crucible coke furnace with NH,Cl fluc. 


Sample No. Copper. Zinc. Tron. Silicon. | Manganese.| Aluminum, 


Care ec aeuniecomsins aes ce easter 4 Be 82 

a es Wee os PAE es 2 Se es bs Si 3.9 121 3.0 0.5 0.15 29. 35 
1b asl Ss ek Be ee Sar pl aap ae iy So 752 4.3 1.5 ORAS RS eee eee 86.5 
So Bh Pe ae OEE ES OF Cen RE ae peng ee YE | 0.3 2.9 1:0) Woete tec cies 87.3 
TICE Se Daa oT Delete ps 0 tee nse Se Renta teed 8.8 0. 75 2.0 Moh) s| torah metas 87. 45 
sa iy SRS Se © SR Sg ee, ee mares 3 Syne 9.4 1.0 1.3 0: Biislemecpe ees 88. 0 
Uh TV ae a 6 a eg AA alo Sis SiN pag ed 0.3 2.8 i oe ek 87.3 
Need cntee beet oe, ee tee 9.7 0.7 ok EAU er Sa Bee 87.5 
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Three samples taken from various parts of a quantity of boring” 
ingot offered for sale by a fourth company, and analyzed by the © 


buyer, had the following composition: 


Composition of three samples of boring ingot. 


Sample No. Copper. Zine. Tron. Silicon. |Aluminum., 





Per cent. Per cent. Per cent. Per cent. Per cent. 
5 f 0.6 0.4 89.1 


7.9 2.0 
’ . 7 4 90.7 
DAS EE Ses Ort Bice = ee ch, MUN Seen Po 7.9 2.0 Ay 4 89.0 


— 


i i es 


The results of buyers’ analyses of various lots of No. 12 boring 
ingot sold by a firm using the iron pot, ZnCl,, puddling process, were 
as follows: 

Composition of No. 12 boring ingot. 








I 
“4 






| 


Sample No. 5; Copper. Zine. Tron. Silicon. |Aluminum. 
Per cent. Per cent. Per cent. Per cent. Per cent. 
Deepa ae Seine tee DN flat in AUR 9 ee all ofa ee, 1.5 5S} 0.2 89.8 
SE amar Geta ae BED ay SCAG IO Opel NE «om ce I 7.5 1.0 13 3 89.9 
fee cate Roca og Ce a tide pone I yt La 5 et | 7.6 1.5 15 a2 89. 2 
ee OTe Re: Heaven ee 6.6 1.5 1.3 caps 90.4 


Still another refining plant, using a reverberatory furnace and — 


dealing with a mixture of No. 12 chips and emery grindings, has sold 
No. 12 boring ingot of the following composition, according to the 
buyer’s analysis: 


Composition of ingot from No. 12 chips and emery grindings. 


Sample No. Copper. Zine. Tron. Silicon. |Aluminum., 

Per cent. Per cent. Per cent. Per cent. Per cent. 
AEN cree Le EE GL SS Troe ES Pee EI 7.3 2.4 eR 0.2 88.8 
OVW os ecfeve: wt crcigel Nev eye py alouSeey chet Ut on ee ee en 8.6 0.4 5 issih ay 89.7 
GEER. FG ee ea ae ae Be ae eI Sa 8.8 0.8 1.4 .4 88.6 
ha I Seta mie Gok alg tie Celta il A eas 9.6 0.9 1.0 4 88.1 
Y ERR, PIAS Tih gine aS MM gt a ah ee 9.9 1.0 i ae 87.7 


The No. 12 alloy, made up from new metals, to contain 8 per cent cop- 
per, or purchased in market ingot made up from new metals, will 
analyze about 7.6 to 8.4 per cent copper, no zinc, 0.5 to 0.7 per cent 
iron, 0.25 to 0.4 per cent silicon, 91.65 to 90.5 per cent aluminum. 

When melting in iron pots, about 0.2 per cent of iron is taken up 
from pots, ladles, and skimmers and about 0.05 per cent silicon from 
sand adhering to gates, making the average composition of the No.12 
castings sold 7.6 to 8.4 per cent copper, no zinc, 0.7 to 0.9 per cent 
iron, 0.30 to 0.45 per cent silicon, and 91.4 to 90.25 per cent alumi- 
num. This alloy comprises 90 to 95 per cent of all cast aluminum 
made in the United States. 
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EFFECT OF IMPURITIES. 


_ The purity, or impurity, of boring ingot depends (1) on the purity 
of the castings from which the borings are made, (2) on the freedom 
of the borings from white metal, babbitt, or brass, (3) on their free- 
dom from iron and on the efficiency of the magnetic separation, (4) 


on the presence or absence of dirt from which metals may be reduced, 


and (5) on the nature of the melting process and the temperature 
attained. 
White metal, babbitt, brass, or bronze borings, if present, can not 


be efficiently separated from the aluminum borings and go into the 
melt. Copper, zinc, lead, tin, and antimony may come from these 


sources. 
COPPER. 


Of these metals copper is present not only in the No 12 alloy, but 
also in nearly all of the zinc-containing alloys, and its only bad effect 
would be to raise the copper content too high. 


ZINC. 


Zine in No. 12 castings is frowned on by many purchasers, even if 
present only to the extent of a trace to less than one-half of 1 per cent, 


- in some cases because it is known that zinc can not occur in No. 12 


metal made wholly from virgin metal, but more often because a 


belief that the alloys of aluminum high in zinc give castings which 


-may break in use under repeated shock is extended to the No. 12 
alloy with but traces of zinc. This idea is prevalent in some sections 
of the country, whereas in other sections the zinc-containing alloys 


are much used. Alloys, such as the market ‘‘No. 31,” containing 
about 3 per cent copper, 15 per cent zinc, 0.5 per cent manganese, 
81.5 per cent aluminum, or a similar one containing 2 per cent cop- 
per, 19 per cent zinc, and 79 per cent aluminum, are stronger under 
tension or compression per unit weight than the No. 12 alloy, and, 
at normal prices for zinc, are cheaper per unit of weight or of volume. 
It does not appear to be satisfactorily proved that perfectly sound 
castings of these alloys are more likely to fail under repeated stress 
than the No. 12 alloy, as an alloy containing 19 per cent zinc has been 


_ satisfactorily used in one high-grade American automobile, and zinc- 


aluminum alloys, somewhat lower in zinc content, are used in Euro- 
pean automobile plant practice almost to the exclusion of the No. 12 
alloy, whereas the reverse is the case in the United States. It is 
claimed that because of the rougher roads in America the stresses a 
motor-car crank case, for example, has to endure are worse than in 


_ Europe, and that the zinc-containing aluminum alloys would not 


stand up as well as the No. 12 alloy under the more severe conditions 
in America. It is probable that the relative life of the crank cases 
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and other castings on the American and European motor cars and — 
trucks in the European war will furnish some definite proof on this — 
point. | 
It is true that it is more difficult to make complicated castings of — 
zinc-containing alloys than of No. 12 alloy without having trouble — 
from cracking in the mold, and that if castings with tiny cracks in — 
them that have been undetected through lax inspection are put in — 
service, failures are likely to result. But it is quite possible to make 
- distinctly complicated castings of the zinc-containing alloys without 

defects if proper foundry practice is used. | 

Rosenhain and Archbutt * have made endurance tests of various 
aluminum alloys and do not find that the zinc-containing alloys are 
liable to fail under repeated shock. They indeed advocate the use 
of an alloy consisting of 20 per cent zinc and 80 per cent aluminum, 
or one containing 3 per cent copper, 25 per cent zinc, and 72 per cent 
aluminum, rather than those lower in zinc content, on account of the 
oreater strength per unit weight. 

A mixture of aluminum borings from various sources in the United 
States will consist mostly of No. 12 alloy, but may also contain some 
borings from alloys containing 10 to 30 per cent zinc, consequently the 
ingot from such mixed borings may contain zinc in varying amounts, 
as is shown by the analyses previously given. 

As zinc volatilizes quite readily from aluminum alloys at the 
temperatures necessary in melting chips, some of the zine content 
of alloys high in zine will be lost in melting. A few hundredths 
of a per cent of zinc in No. 12 alloy might come from the taking 
up of zinc from ZnCl, used as a flux, whereas a few tenths of a per 
cent or more of zinc indicates that some scrap, or else No. 12 ingot 
made in part from scrap, has been used. There is no satisfactory 
evidence to show that a zinc content up to 0.5 per cent at least in 
No. 12 alloy is any detriment to the strength or endurance of the 
castings. As the presence of zinc indicates the presence of scrap 
and presumably of boring ingot which may, under conditions not 
clearly understood, give rise to the cracking of castings in the 
mold or to other foundry defects, some progressive founders are 
using virgin pure aluminum and copper and preparing their own 
No. 12 alloy instead of purchasing the prepared alloy, and are using 
analyzed boring ingot in varying proportions, or leaving it out 
altogether, according to the liability of the individual casting that 
is to be poured from the metal to the troubles which boring ingot 
sometimes causes. With such rational utilization of bormg ingot 
it finds a legitimate use in the foundry. 


@ Rosenhain, W., and Archbutt, S. L., Alloys of aluminum and zine: Engineering, vol. 93, 1912, p. 578. 


QUALITY OF INGOT FROM ALUMINUM CHIPS, 717 


LEAD. 


Lead is not a desirable constituent in aluminum alloys, as it does 
not alloy with aluminum, but is merely inclosed in small globules. 


| The lead, on account of its high specific gravity, will tend to collect 


at the bottom of the casting, and any appreciable amount tends to 
weaken the alloy. Such boring ingot as that shown by analyses 
C, D, and E is of poor quality on account of the lead content. 


2 TIN, 


Tin is to be classed as a less harmful impurity. It tends to soften 


the alloy without noticeably affecting the strength. A small pro- 
ducer of high-grade automobiles has used an alloy containing 5 


per cent copper and 3 per cent tin without any apparent disadvan- 
tage save a slightly lower strength. Such an alloy made from new 
metals has no obvious advantage to counterbalance the high cost 
of the tin, but a few tenths of a per cent of tin is not to be feared 
in boring ingot, save that, as it usually comes from admixed solder 
or from bronze chips, it may be accompanied by lead. 


ANTIMONY. 


‘The effect of antimony on aluminum alloys is not well known. 
Its occurrence in boring ingot would indicate admixture of babbitt 


with the chips. 
MANGANESE. 


Manganese in appreciable proportion would indicate that the ingot 
was made from material containing more or less hard sheet clippings. 


In small amount, with a high zinc content, for example, in analysis 


H, it would indicate that the mixture melted contained some No. 31 
alloy chips. 

In percentages up to say 0.2 per cent, manganese is not a detri- 
ment to No. 12 alloy, and some founders think that 0.1 or 0.2 per 
cent is distinctly desirable, although manganese is seldom inten- 
tionally added to No. 12 alloy, its source being some form of scrap 


~ from hard-sheet aluminum. 


IRON. 


Iron is the main impurity in bormg ingot made from No. 12 chips 
and comes from: the admixture in the machine shop of iron or steel 
chips with the aluminum chips. Commercial magnetic separation 
of iron from such chips may leave, especially in the case of very 
oily chips, 0.5 to 1.0 per cent of free iron in the mass. All of this 
free iron goes into solution when the mass is melted. Save for the 
free iron, no increase in iron content would be shown in melting 
chips in crucibles and not over 0.25 per cent increase in melting in 
iron pots by the puddling process. 
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As high as 2 per cent of iron in the No. 12 alloy would probably 
give too brittle an alloy, but a content of between 1 and 1.5 per cent 
does not appear to have a notably detrimental effect. If the iron © 
content rises above 1 per cent, the copper content should be cor- 
respondingly reduced below 8 per cent in order to prevent brittle- 
ness, as iron acts much like copper in hardening and strengthening 
aluminum. | 

Cast No. 12 alloy, unannealed, consists of a needle-like CuAl,—Al 
eutectic embedded in the groundmass of solid solution of copper — 
in aluminum. Iron in aluminum causes a similar needle-like struc- 
ture in a groundmass of solid solution, and as the properties of the 
No. 12 alloy depend largely on the proportions of needles and ground- 
mass too high an iron content will give too much of the needle-like 
material. If zinc be added to the No. 12 alloy, more of the needle- 
like eutectic is thrown out than without it, so that in the commer- 
cially useful ternary alloys of copper, aluminum, and zinc the copper 
is used in smaller amount as the zinc is used in larger amount. For 
example, an alloy containing 7.5 per cent copper and 1 per cent zine 
has about the same tensile strength and elongation as one containing 
8 per cent copper. With 20 per cent zinc not over 4 per cent copper 
and with 30 per cent zinc not over 2 per cent copper should be used, 
else too brittle an alloy will result. 

By proper reduction in the copper content the effect of high iron 
content and of a little zmc, introduced by the use of some boring 
ingot, can largely be neutralized, and the resulting alloy will still 
have very closely the properties of No. 12 alloy as regards foundry 
behavior, shrinkage, and tensile strength and elongation. 


SILICON. 


Silicon is generally considered to be an undesirable impurity and, 
especially if in the form of graphitic silicon, to be conducive to brittle- 
ness. It is always present in small amount in commercial aluminum, 
owing to the difficulty of completely freeing from silica the bauxite 
used in its manufacture. 

In remelting gates to which molding sand adheres, or in melting 
chips that contain siliceous dirt some silica may be reduced to silicon 
which alloys with the aluminum and an equivalent amount of alumi- 
num is oxidized and lost. 

This reduction of silica by aluminum is not marked below 800° C. 
and even when melting in fire clay graphite crucibles only a very 
small content of silicon is taken up if the temperature is kept low. 
As the temperature increases reduction takes place more readily, so- 
that at the temperatures necessary in melting chips some slight in- 


QUALITY OF INGOT FROM ALUMINUM CHIPS. 79 


crease in silicon content is to be expected if they contain siliceous 
dirt. The use of a flux that will dissolve or soak up the dirt and so 
take it out of contact with the metal might be expected to decrease 
the amount of silicon taken up at any given temperature. 

The results of analyses of commercial lots of boring ingot as shown 
on pages 73 and 74 give no information as to the relative purity of 
ingot made from the same lot of chips by different methods of melt- 
ing, as any such differences are doubtless overbalanced by variations 
in the purity of the alloys from which the chips were taken and by 


variations in the content of free iron and dirt. 


COMPOSITION OF INGOT FROM ELECTRIC FURNACE. 


Analyses were made by the writers of the ingot obtained in the 
15-pound melts of chips from lot B in the electric crucible furnace, in 
run 69 when a yield of 58 per cent on the original weight of the borings 
was obtained with sal ammoniac flux, in run 70 when a yield of 71.5 
per cent on the original weight was obtained with NaCl-CaF, flux, and 
in run:83 when a yield of 89 per cent was obtained with the NaCl-CaF, 
flux on the fraction over 14-mesh in size. The results of the analy- 


ses were as follows: 


\ 


Composition of ingot from melts in electric furnace. 





Aluminum 
Run No. | Copper. Tron. Silicon. |Manganese.| Zinc. y 
difference). 


Per cent. | Per cent. | Per cent.| Percent. | Per cent.| Per cent. 

7.40 1.8 0. 34 Trace. None. 90. 39 
70 7.39 1.92 aG\0 Trace. None. 90. 33 
83 7.42 Pes .34 Trace. None. 90. 99 


The only appreciable difference is in the lower iron content of the 
fraction over 14-mesh, which indicates that most of the free iron 


left in this sample after commercial magnetic separation was under 


14-mesh, an assumption which is corroborated by visual examina- 
tion. Notwithstanding the difference of 13.5 per cent in the yields 


- of runs 69 and 70, the composition of the ingot obtained is identical. 


As the run with the salt and fluorspar flux shows no appreciable in- 
crease in silicon content although the borings contained over 12 per 
cent of siliceous dirt, and as, unless the borings are melted in an iron 
pot, the iron content can not be greater than the original content in 
the alloy from which the chips were made plus the free iron not 
removed by the magnetic separator, the criticism that the high tem- 
perature needed to make this flux fluid results in ingot higher in im- 
purities than by other methods of melting does not seem well founded. 
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The high loss in melting chips caused by difficult coalescence and 
subsequent oxidation of globules entangled in the dross, and the 
poor quality of boring ingot are due primarily to lack of care and 
cleanliness in the collection of the chips in the machine shop. If 
the aluminum chips are kept free from brass, bronze, solder, white- 
metal, or iron chips, and also free from dust and floor sweepings, the 
only foreign material in them will be the cutting oil or cutting lubri- 
cant. By promptly centrifuging the chips these lubricants can be 
removed and recovered, and the chips left in a better condition for 
melting. If chips are thus collected and centrifuged and then stored 
in covered receptacles so that dust can not settle on them, clean 
chips will result. 

The value of clean chips is so much greater than that of dirty 
chips, mixed with iron chips, that the slight increase in cost of 
careful collection over that of collecting by shpshod methods would 
be many times repaid and on the large amount of chips produced by 
even a comparatively small manufacturer of motor cars the saving 
would be well worth while. 

As at least two methods of melting chips now in use by refiners, 
the puddling process and the NaCl-CaIl’, process, will give a recovery 
of 90 per cent or higher on absolutely clean chips and produce boring 
ingot of good quality, the responsibility for the waste of aluminum 
in melting chips, which is large in the aggregate, rests at the door of 
the machine shop that permits iron and dirt to get into the chips, 

rather than at the door of the sal gg or refining plant that attempts 
to turn the chips into usable ingot. ° 

Foundry refuse, such as buttons recovered from skimmings can 
not, in the nature of the material, be collected free from fjreen 
matter. Hence such material, as well as carelessly collected chips, 
offers difficulties in melting owing to reluctance of the globules 
formed in melting to coalesce. 


PROBABLE RELATIVE USEFULNESS OF DIFFERENT MELTING 
METHODS. 


é 


Of the methods suggested for melting aluminum chips, some are 
of doubtful practicability. Feeding the chips into the molten elec- 
trolytic bath used for producing pure aluminum is plainly useless in 
the case of dirty chips, on account of fouling the rather expensive 
electrolyte. The method is not well understood by founders and 
refiners, as the details of the electrolytic process are kept secret by 
the producers of aluminum, so that even on clean chips the method 
would be of use only to those producers, 
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Briquetting involves the use of expensive machinery, and although 
' the use of briquets might slightly decrease the melting loss, would. 
probably materially decrease the melting time and fuel cost, and 
would certainly increase the ease of handling, yet it is likely that a 
briquetting machine of the type necessary to produce solid briquets 
would have to be kept in constant use in order that the interest on 
the first cost should not eat up the savings. 

Hence briquetting would only be practiced by large refiners who 
have large amounts of aluminum chips to handle or have other uses 
for such apparatus. Even at such plants the question whether bri- 
quetting would pay is not yet fully answerable, although the process 
deserves serious consideration. 

The use of electric furnaces, vacuum furnaces, retorting furnaces, 
or other devices which merely prevent the access of air without pro- 
viding for the promotion of coalescence by stirring seems to offer 
little promise. 

The method so often advocated of pushing the borings Aeaeath a 
heel of molten metal seems to owe any usefulness it may have to the 
pushing and not to the heel. It is an approach to the puddling 
process, which seems to be the best modification of the scheme. 

In the iron-pot puddling process, which is evidently of much value 
on clean borings, the vital points are to keep the temperature very 
low, practically at the melting point, to prevent oxidation, and 
constantly stir the pasty mass to promote coalescence. The process 
requires constant hand labor, does not seem as useful on very dirty 
borings, and could hardly be applied to large units. 

Possibly some mechanically stirred furnace, or one in which pres- 
sure was constantly applied, analogous to the Céte and Pierron sug- 
gestion or to the Montefiore method for melting blue powder, could 
be devised that would have the advantages of the puddling process 
without the high labor cost, but no such apparatus had yet been put 
forth, and the making of one that would have a low upkeep cost 
presents serious difficulties. 

The use of volatile fluxes such as sal ammoniac and zine chloride 
is of advantage at the end of the puddling process, but melting with 
these fluxes without constant stirring gives very low recoveries. 

The use of fluxes that form molten covers seems to be of real advan- 
tage only when rather large quantities of the flux are used, and the 
promotion of coalescence by the flux soaking up dirt and oxide seems 
to be of more importance than the prevention of oxidation by exclu- 
sion of air. Although fluxes melting at or below the melting point 
of aluminum are theoretically preferable to those of higher melting 
point, it is difficult to find such low-melting fluxes chemically inert 
to aluminum without using mixtures containing materials such as 
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lithium chloride or potassium chloride, the first of which is very 
costly and the second relatively so, or hygroscopic materials such 
as calcium or magnesium chlorides. Common salt, the cheapest 
flux of the molten-cover type, seemingly gives the best results, when 
the cost and convenience of the flux is considered. Still better are 
fluxes that have a real solvent action on aluminum oxide and on 
dirt in general, such as the mixtures of alkali chlorides and fluorides. 
With such fluxes better absolute recoveries could probably be 
‘obtained by using very low melting mixtures, but as large amounts 
of these fluxes are necessary their cost is prohibitive, and the cheap 
flux consisting of 85 parts common salt and 15 parts fluorspar, used in 
large amounts, 20 to 30 per cent of the weight of the chips, mixed 
with the chips before charging, and the whole heated in crucibles till 
the flux is fairly fluid, seems the most useful. On clean borings it 
would probably not give higher results than the iron-pot puddling 
process, but it may be preferable even then as constant stirring is not 
required, and thus the labor cost would be less, and because it might 
make large-scale reverberatory melting feasible. The experiments on 
reverberatory melting indicated this possibility but were on too small 
a scale to be conclusive. If chips must be melted in pit fires, the 
flux method is the most suitable; if iron-pot furnaces are to be used, 
the puddling process is the better. 

There is also a possibility that dirty borings washed with dilute 
caustic soda, subjected to wet concentration, as on Wilfley tables, 
and then dried by centrifuging, would yield a clean product on which 
the melting loss would be low. Lack of suitable apparatus made the 
actual experiments inconclusive, but the scheme seems worthy of a 
trial on a commercial scale. 

However, if the machine shops producing aluminum chips would 
keep the borings clean and free from contamination, it would not be 
necessary to go to the expense of removing foreign matter. 
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OPERATING DETAILS OF PRODUCER-GAS INSTALLATIONS. 


By R. H. Frernarp. 


INTRODUCTION. 


In 1900, as far as available records show, there were only two 
producer-gas power installations in the United States. 

In June, 1915, the number probably exceeded 1,000. Of this 
number, some 84.5 per cent comprised small plants using anthracite, 
and only about 15 per cent of the total number utilized bituminous 
coal and lignite. In addition to these, two plants used wood, and 
three or four used oil. 

In the main, however, the larger sized units are operating on 
_ bituminous coal and lignite. 

During the early years of these plants little success was anticipated 
from the use of bituminous coals and lignites, but in 1904 and 1905 
it was fully demonstrated at the Government testing station at St. 
Louis that these fuels could be utilized to excellent advantage. How- 
ever, although many producer-gas plants in daily operation are using 
bituminous coal and lignite, many power-plant men are still skeptical 
regarding the successful commercial use of these fuels. 


PRESENT STATUS OF PRODUCER-GAS PLANTS. 


In this connection the author can offer no clearer idea of the present 
status of the producer-gas power plant than is presented in his letter 
of March 4, 1915, to the prime movers committee of the National 
Electric Light Association in response to general queries from the 
committee. The text of the letter follows: 


In response to your request for a brief summary of the producer-gas situation, 
I take pleasure in submitting herewith a brief outline of some of the more important 
phases of this development and in answering the queries that you have put to me. 

1. General classification of gas producers.—Producers for power purposes can be 
broadly classified as (a) up-draft, (b) down-draft, (c) double-zone. 

In the up-draft plant the pressure in the gas generator may be greater or less than 
that of the atmosphere. If itis greater than that of the atmosphere, the plant is known 
as an up-draft pressure plant. If it is less than that of the atmosphere, the plant is 
commonly called an up-draft suction plant, although this reduction of pressure in 
the gas generator of the larger plants is now usually produced by means of an exhauster 
instead of by the suction stroke of the engine. 
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2. Producers for anthracite coal.—Little difficulty has been experienced in handling 
good grades of anthracite coal in gas producers. Occasionally some trouble is ex- 
perienced owing to the character of the ash or to a low ash-fusing temperature. In the 
main, however, this fuel has been found satisfactory. For most sections of the country 
the price of anthracite is relatively too high to warrant its use in plants of large 
capacity. It is, therefore, largely utilized in plants not exceeding 500 horsepower. 
As far as I know little has been done in this country with gas producers for the utiliza- 
tion of anthracite screenings or material from the culm pile. 

Anthracite coal may be utilized to good advantage in plants of either the up-draft 
or the down-draft type. Inasmuch as it is comparatively free from tar, anthracite is 
commonly used in the up-draft producer of either the suction or the pressure type. 
A single installation of 4,000 horsepéwer of down-draft producers is using anthracite 
at $11.30 a ton in preference to bituminous coal for which the plant was designed. 
Although the company owns bituminous mines, it placesa value of $8 a ton on its 
books for the bituminous coal. On this basis of $8 a ton for the bituminous coal and 
$11.30 a ton for the anthracite, a year’s operation shows financially in favor of the an- 
thracite. Outside of two or three installations, the individual anthracite plants of this 
country do not exceed a few hundred horsepower. 

3. Bituminous coal.—Satisfactory gas producers have been designed for the use of 


both bituminous coals and lignites of good quality. There is comparatively little | 


difficulty in handling on a commercial scale such plants, provided the fuel is low in 
ash, has a fairly high ash-fusing temperature, and does not give serious trouble from 
caking and clinkering. Unfortunately these restrictions are too exacting to fit our 
common practice in the United States with low-priced fuel. “The European situation, 
where they are able to specify rather definitely the characteristics of the coal, is very 
different. 

My answer, therefore, to your query as to whether producers have been successfully 
designed for the use of bituminous coals and lignites is “yes” for bituminous coals 
and lignites of high grades. 

I do not say ‘‘no” for other grades of bituminous coals and lignites, but I realize 
that low-grade fuel, high in ash and prone to clinker troubles, is not regarded in the 
majority of cases as worth the time and effort required. Bituminous coals and lignites 
of good grade may be successfully used in the up-draft producer if adequate equip- 
ment is installed for scrubbing the gas and removing the tar, in the down-draft pro- 
ducer of the continuous type, and in the double-zone producer. 

The largest single generator in the United States with which I am familiar is one 
of 250 square feet of fuel-bed area, burning between 3,000 to 4,000¢ pounds of Illinois 
bituminous coal per hour. I see no reason why single-shell producers of this type 
should not be built four times this capacity. 

4. My estimate of the horsepower capacity of gas producers installed in the United 
States for power purposes is as follows: 


For anthracite coal: é 


Plants of more than 5C0 horsepower rating, horsepower........ 40,000 


Plants of less than 500 horsepower rating, horsepower. -........- 95, 000 

For, bituminous eoal »horsepoweres 4: -- 5-028. saec- eset tae ee 130, 000 

For lignite, horsepower. c-.l oo aoe a Eee ir eee 15, 000 
My estimate of the annual fuel consumption of these plants is, roughly: 

Anthracite coal, shortitons ng fags an Shree 2 eh 240, 000 

Bituminous ‘coal,;short tons aresseres ote ee 400, 000 

Lignite coal;'short tons. . 472 eee tes a a 60, 000 





a These figures were reported at the time of making the installations. The latest reports (June, 1915) 
give the fuel-bed area as 210 square feet and the average fuel consumption as 2,750 pounds per hour. 
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PRESENT STATUS OF PRODUCER-GAS PLANTS. 1 


5. In response to your query regarding the slow progress in the development of the 
_bituminous-coal producer, I name the following as among the reasons that immediately 
suggest themselves: 

(a) The low price of ourfuels. The time hasseemingly not yet arrived when thereis 
sufficient demand for reduced operating costs to warrant the investment necessary 
for the production of producer-gas units of sufficient size to seriously compete with 
the efficient steam-turbine units of the present day. : 

(6) Asa corollary to a, the cost of the labor involved and the reduced capacity limit 
producers to the utilization of fuels of good grade. As soon as the cost of fuel is suffi- 
ciently high to warrant the use of high ash, low-grade material the design of a producer 
for this purpose will be speedily forthcoming. 

(c) Additional difficulties are satisfactory gas cleaning, tar removal or recovery, 
elimination of sulphur, and the prevention of serious clinkering. All of these diffi- 


culties can, I believe, be obviated. 


(d) The fact that, up to the present time, no gas engine has been developed of 
_ sufficient size to enter into serious competition with the recent steam-turbine units 
of 30,000 kilowatt and 35,000 kilowatt capacity. 


PRODUCER-GAS PLANTS IN EUROPE. 


In considering the many phases of this problem you will, I believe, be interested 
to know the trend of European producer-gas practice to-day. I therefore append a 
few notes gleaned from my inspection last summer in the interest of the United States 
Bureau of Mines. 

We find in Europe a demand for a gas producer to handle all grades of fuel, especially 
those grades usually sent to the dump. This demand has brought to the European 
market the revolving, eccentric-grate producer. Among the most important advan- 
tages claimed for these producers is automatic ash removal. Dependent on this 
primary advantage rest the following claims for the revolving grate: 

1. Low labor cost for handling ashes. 

2. More uniform and more complete combustion. 

3. Operation for months without interruption. 

4. Ability to handle much more fuel per square foot of fuel-bed area. 

5. Less space per 1,000 cubic feet of gas produced or per horsepower of plant. 

6. Freedom from dust and the usual excessive heat and dirt during removal of 
ashes. 

7. Production of a gas of nearly uniform quality. 

8. Reduction in the cost of upkeep. 

If in addition to rotating the grate the grate be placed slightly off center, a feature 
is introduced that is probably of far greater value in handling. high-ash, clinkering 
. fuels than the mere rotation of the grate. 

Experience with European fuels has shown that even with the eccentric revolving 
grate and the usual producer shell construction clinker troubles are not entirely 
eliminated when poor-grade fuel with low ash-fusing temperature is used. A further 
important feature—probably the most important single item—for overcoming clinker- 
ing and the tendency of the ash to fuse with the producer lining is the water jacketing 
of the part of the producer shell surrounding the hot zone. 

These revolving grate producers are reported to gasify two to three times as much 
fuel per square foot of fuel-bed area per hour as can be gasified in comespendaE tp- 
draft producers with fixed grates. 

Claims of very low percentages of carbon in the ash are also made for this recite of 
producer, the reported record for one installation being 5 per cent carbon, or 0.47 
per cent of the fuel gasified. 
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The claims advanced regarding the steam requirements for clinkering coals used in 
producers with water jackets around the hot zone are to the effect that not over one- 
quarter as much steam is required as in the jacketless type with fixed grate. The 
figures given for comparison are 1 pound of steam per pound of fuel for the fixed- 
grate jacketless producer and 0.29 pound for the revolving eccentric-grate producer. 

- Results with United States coals in fixed-grate jacketless producers indicate that 1 
pound of steam per pound of coal is rather high for plants of good size. Seven-tenths 

- of a pound is nearer the figure, although there are undoubtedly many plants, indif- 
ferently operated, that are not below the 1-pound rate. 

Representatives of companies handling eccentric revolving-grate producers say 
that they handle coal containing 45 to 55 per cent ash with perfect ease and are satis- 
fied that these producers can meet the conditions required for American high-ash > 
caking coals. ! 

In Europe we also find a great deal of attention given to the by-product gas plant. 
These plants are not of a few horsepower capacity, but the installations range from 
5,000 to 30,000 horsepower. One company alone reports the installation of by-product 
recovery producer-gas plants using a total of 3,000 tons of fuel per day and aggregating 
approximately 300,000 horsepower. The capacity and purpose of a few of the larger 
installations are as follows: 


Capacity and purpose of a few of the larger European producer-gas plants. 


Fuel Frel 
Installa- . Installa- : 
. capacity Purpose of plant. F capacity Purpose of plant. 
tion No. | er day. tion No. | ner day. |: 
Tons. Tons 
1 320 | Recovery of by-products from 5 Power, forge, and plate fur- 
: waste fuels. Gas used for naces, fire-clay kilns, etc. 
firing boilers and for power. 6 125-| Power and firing caustic pots. 
2 270 | Central distributing station. 7 120 | Evaporating brine 
3 250 | Power and chemical pur- 8 120 | Powerand chemical furnaces. 
poses, calcining ore, etc. 9 100 | Firing chrome furnaces. 
4 150 | Special plant for the recovery 10 100 | Chemical furnaces. 


of by-products. Gas used \ 
for firing colliery boilers. 


The majority of these plants are used for power development and gas heating; the 
recovery of by-products, such as sulphate of ammonia, tar, etc., are secondary factors 
in the operation of the plant. On the other hand, there are several installations in 
which power is the secondary factor, the plant being run primarily for the valuable 
by-product, sulphate of ammonia, which brings a commercial return of $50 to $60 
a ton. 

A few plants are operated for the by-products alone. In certain districts in which 
the manufacturing and industrial interests do not offer a market for the gas the so- 
called ‘‘by-products” become the main products and the true by-product, producer 
gas, is thrown away. This condition of affairs is peculiarly true in regions in which 
the fuel runs high in nitrogen. It is reported that an extensive plant of this character 
is soon to be erected in Africa. | 

Peat seems to be peculiarly adapted to the requirements for the production of 
sulphate of ammonia, and several commercial by-product plants using this fuel are 
now in operation in Europe. Among these are two plants in Italy using, respectively, - 
140 and 90 tons of peat per day. 

One of the most interesting plants visited last summer was a by-product coke plant, — 
in which the coke-oven gas was the main product and the coke the by-product, com- 
bined with a by-product producer-gas plant. The coke-oven gas was turned into the 
city mains for general use. In order to obtain all this gas for sale to the city, a distinct 
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central producer-gas plant was installed, as the poorer grade gas, which was not avail- 


able for general city use, was entirely satisfactory for heating the coke ovens. The 


originator of this combined method says: ‘‘The great advantage of this system is the 


_ fact that coke breeze and low-grade fuel generally can be used in the producers with- 


out lowering the efficiency of the plant.’’ The producer plant consists of five units, 
each of 20 tons capacity a day. The coke from the ovens, which is regarded as a by- 
product, finds a ready market for blast-furnace work, and it is estimated that the by- 
products from the producer plant, sulphate of ammonia and pitch, practically pay 
the cost of operation of the producer-gas installation. The coal used in the producers 
is double-screened nut and contains no dust. It is a fine-looking coal and is reported 
to be high in oils. 

The several companies manufacturing by-product gas plants believe that there is a 
large fleld for such plants in the United States if the fuels used be carefully selected. 


_ They regard our caking coals as bad for this type of plant. 


SLAGGING GAS PRODUCER. 


The blast-furnace type or slagging gas producer has appeared at regular intervals in 
Europe and investigations along this line have also been conducted in this country 
both by commercial interests and the United States Bureau of Mines. In spite of the 
many claims that no such producer can operate with any commercial success, we find 
at a colliery in Deutsch-Luxemburg a wonderfully interesting installation consisting 
of four slagging producers. These producers are approximately 10 feet in internal 


diameter and gasify 60 tons of fuel each per 24-hour day. The first of these producers 


was installed about two years ago and required much study and many changes. At 
the present time [March 4, 1915] these producers are working on 10 per cent ash fuel, 
but the company anticipates utilizing material containing 20 to 30 per cent ash. 
Several different companies are reported to be using these slagging producers, and the 
fact that this type of producer has a real commercial position is shown by the catalogue 
of one of the large producer manufacturers of Germany, which, among several other 
classifications, lists its producers as— : 

(1) Producers with rotating grates. 

(2) Slagging producers. 

(3) Flat-grate producers. 

(4) Step-grate producers. 

Considerable interest is also manifested abroad in the use of wood refuse and similar 
material in gas producers. At the present time, however, these plants are of small 
size. 

The interest of engineers in Europe is also more or less centered on the possibilities 
of powdered fuel and questions relating to low-temperature distillation. The prin- 
cipal purpose of this latter problem is to procure a clean smokeless fuel for the un- 
limited number of fireplaces and at the same time to recover from the original fuel 
large percentages of oils, motor spirits, and ammonia. 

In conclusion, I believe that the time is not distant when the price of our coals 
must necessarily materially increase. When this time does come we will look much 
more seriously on the important problems connected with our fuel conservation. 
We will find it imperative to use high-ash low-grade fuels which, in many cases, 
will have a low ash fusing temperature. Transportation of this high ash material 
will be out of the question and its conversion into gas at the mines will result. Even 
though large gas engines are not forthcoming, the economic use of grades of material 
that can not be utilized directly under steam boilers will warrant large installations 
for the production of producer gas and its use for steam generation for large turbo- 
generator units with long-distance electric transmission. 
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PRODUCER-GAS PLANT COMPARED WITH STEAM TURBINE. 


The steam turbine naturally lent itself to central-station service. 
It was a unit easily understood by steam-engine operators in so far 
as practical operation is concerned; it could be readily erected without 
radical changes in the boiler-room equipment; and it rapidly met 
the demand for large central-station units. 

The producer-gas plant was an untried factor; it met with strong 
opposition from the older steam-plant operators, who saw possi- 
bilities of being forced out of their positions; its installation meant a 
complete renovation of the entire plant, with the replacing of the 
steam boiler by the producer unit. Large units of this type did not 
materialize, with the natural result that even to-day the producer- 
gas power plant is not the large central-station unit, although it 
occupies a strong position among the isolated plants and the small 
central stations. 

Methods of operation vary greatly with local conditions and espe- 
cially with the personal inclination: or opinion of the plant superin- 
tendent. This variation is, perhaps, perfectly natural, owing to 
the newness of producer-gas power, the absence of experienced 
producer-gas engineers, the absence of cooperation among the 
operators of these independent isolated plants, and the absence of 
well-defined commercial investigations. 

With this lack of a common interest on the part of the owners or 
operators of these plants—an interest that has of late tended to 
place central-station operation on somewhat uniform basis—no 
standards for comparison of plant operations have appeared and little 
has been known by the superintendent of one plant regarding the 
relative efficiency of operation of his own installation and that of 
another plant of similar type operating under similar conditions. 

Several unsuccessful attempts have been made by various organi- 
zations to collect data relating to these important matters, but | 
unfortunately little or no information could be had. 

Appreciating the value of such data in connection with the many 
problems of fuel conservation and its investigations into the use of 
producer-gas power, the Bureau of Mines decided (1) that an effort 
should be made to procure operating details from a small number 
of representative producer-gas plants using scrubbed gas either for 
power or heating purposes; (2) that primarily data from plants 
using bituminous coals and lignites should be sought, but that data 
from a few of the larger anthracite plants and the oil and wood plants 
should be included. 

With these points in mind, data sheets were sent to the owners 
of a limited number of plants, and for the most part the response 
has been highly gratifying. Returns of a positive character were 
received from 39 installations. 
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_ Although, as might be expected, a great deal of indefiniteness 
' exists regarding many of the operating details, and few, if any, cost 
data are available, it is believed that in the following pages sufficient 
detailed information is presented to provoke wholesome discussion 
on the part of those interested in this form of power; to stimulate 
~responses to future requests from the Bureau of Mines, and to serve 
as a basis for comparison by the different operators of similar plants. 
CHARACTER OF FUEL USED IN GAS PRODUCERS. 


Owing to the agitation of the Bureau of Mines for several years 
past concerning the use of high-ash and low-grade fuels, it was hoped 
that several producer-gas installations would report the use of grades 
of fuel hitherto regarded as of little commercial value. However, 
an inspection of several plants in 1913 showed rather conclusively 
that on the whole the grade of fuel used in producer-gas installations 
has been steadily rising, and, in the main, the fuel used to-day is 
decidedly superior to that used six or eight years ago. | 

Although from the standpoint of the engineers of the Bureau of 
Mines this condition is to be regretted, it is perhaps perfectly natural, 

as the tendency of the operators of such plants is to reduce manual 
labor to a minimum. A feeling of assurance by the management of 

guaranteed reliability of service is also commercially important in 
determining the quality of fuel to be used. It is not strange, then, 
that the highest grade fuel obtainable at a reasonable price is, in 
nearly every instance, the one adopted. 

A rather poor grade of bituminous coal was originally used in a 
plant of considerable size, but owing to the amount of labor required 
in operating, the purchasing agent was finally persuaded by the plant 
superintendent to substitute a high-grade coal at a much higher 

_ price per ton. 

Such excellent results were at once obtained and the labor cost 

was so materially reduced that the purchasing agent, who had for- 

- merly believed in purchasing the cheapest coal to be had, immedi- 
ately substituted the high-grade coal throughout the boiler plant as 
well as the producer plant. The superintendent felt that the greatest 
service the producer plant had rendered was in improving the grade 
of fuel used in the steam plant. He stated that he realized that his 
company was not working toward fuel conservation, but he felt that 
reliability of service was the uppermost requirement in his plant. 
He said that he would be glad to use a lower grade fuel at a less cost 
per ton if he could be shown plants with similar exacting commercial 
requirements successfully operating on such fuel. 

Such comments are, for the most part, typical of the present 
situation. It is, however, gratifying to note here and there excep- 
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el 


tions to this tendency. One notable example may be seen in Texas 


in a plant that uses lignite screenings as the regular fuel for the gas 
producers. The manager finds these screenings, costing much less 
than run-of-mine lignite, an excellent producer fuel. He has given 
a standing order for this material, but has considerable Sedan? in 
procuring enough of it. 

As far as is reported, no other operator in that vicinity feels any 
assurance of success with such screenings as they are generally 
regarded as inferior fuel. 

The high character of the fuels generally used for producer-gas 
installations is made apparent by the data in the table following. 


Grade of fuel used in different types of gas producers. 
PRODUCERS USING BITUMINOUS COAL. 





twine 

value per 

Plant No. Ash. |Sulphur. poun d si 
ed. 





Per cent.| Percent.| B.t.u. 
3.7 0.5 








PY EAR PE BEPC OEE AA Bete ee ese EY oF oars Re ey ee bess 11, 540 
RIP SALES GOST aoe dueee nan teenie aie a ee as au meena ine Gintiocts oes cieete 6.9 1.6 12, 270 
1D as 2. Scale nin d's Reale pol om oieln co ar ote ncaa Weaeaerd sta ota tere ree ae 7.4 5 12, 296 
DTS Sse eC Ute Napa kdn dees wee on ge apes pad ban emegMtig ne deem emits we eataem 10.1 3.4 12, 522 
OA ee Ee aa pbs desen an «same ctedtcent - ster obama ¢caaee eet we mnramer 6.7 2.2 13, 741 
DE Leen sa Saeed sae de ahle = sah nulugss Oe ad caw etgm ne Ace etenget Ba eonn tse GREEN Eee EEE 13, 750 
BT ahs e eiew st ob ae bbe ak Sera Pepe ewe a Drea bee Cog oben OR Rete ge nr tee o> eee eee og 14, 000 
SOE Se ee sk ad oe erteie ge ame bete re tala we ie cra ate rina ee Rina oe dee eRe 7.0 Ls 14,370 
BO. dive aide Asia) web aes © © Se SFE alee e sib ee Bete w evianautehee ere een eer iarreee 5.0 9 14, 500 
Dee ise al gee has aae seas cheetni sete aKa ee ek apes Nera ae ener a 7.9 1.2 14, 535 
y 7 PES, SRP mene Bea eas Rig OER ET SS Sink tet hete | eae Bet een 4.8 5 14, 769 
ee ee rn set ae ee fer ees ore eee LOADS Ae ha (Sey. 7.3 8 14, 800 
B52 en ee eek woe 6b 5k led Caclae Gera hae real a perenne nae ae ase ee eran 5.5 1.0 14, 834 
OB og cso mht. ogiibiere $id. bs ae <p relal one ow tle oie Sab ees Ee eC a ae ate, RI 7.0 2.0 /2..& alee 
DOR Tak < Soon bs seb op ecto vods b senee ays eda on eee Sees masks tenana oerm Cee 4.7 LOLA 
PRODUCERS USING LIGNITE 
Te see ha ee Cee kat a Ces Sto e er Cem eeret 7.9 1.0 5, 560 
GB as sie Sen hee ne come eee gt Pope Oe ae mee ote cere ete Sie 6.9 6 7,440 
AY ee vnc ccenet s Chee paa top emer a aeene st acne saben plane ey ease Gene 8.2 4 7, 070 
SY a ee adic clk Le ie ie ene = en eet ee eee eaten cre orale 6.0 bee eseee 11, 400 
PRODUCER USING WOOD 
Pile TUR RIG Ge ake Nae Cpe be he Nc. a2 | Te | see | 5, 400 





Most lignite contains 30 to 40 per cent water, but, as indicated 
above, it does not necessarily run high in ash. As regards true fuel 
conservation, there is seemingly little being done in the United 
States by the operators of producer-gas plants. 


TESTS OF LOW-GRADE FUEL. 


It is, perhaps, important again to emphasize the possibilities from 
high-ash coals. Although it is fully appreciated that commercial 
conditions make reliability of operation and plant capacity impera- 
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tive, it is the belief of the author that many of these plants could 
utilize relatively cheap, poor grades of fuel with an assurance of both 
reliability and capacity and a net financial gain. The most difficult 
problem seems to be that of procuring thoroughly competent men 
for the careful supervision of such installations. The tabulated 
figures following, showing the results of Bureau of Mines tests, 
indicate the possibilities of using in gas producers the fuels represented. 


Results of fuel tests, showing adaptability of certain fuels for use in gas producers. 


Quantity 
of fuel, as ~ 
fired , con- 


Morar e size of ‘Ash sumed in 
uel. : 


Source of fuel. Moisture. 


producer 
per brake 
horsepower- 
hour. 





BATTAL ICO sleet jae einen Oe fat econ ase eee Run of mine...... 
d 


3 

BEANUCSSOONEG Cos sroca oo. fe fetes See See asec lecisce Oleh sas 20. 57 BOO 1.45 
OAH en KISS Sac Qo G ORE EE 2 Se SEIS Bere Sea 5 Se pc IE ea ie na a a 20.70 16. 69 1.56 
EG sie eee 9B oe meen ioe ini = Oe so ho seme natin seen nets = 20. 72 9. 44 1.70 
RSS Re) ete cy EOS ae Be Sv ees A metas Run of mine...... 2143 8.65 1. 83 
LANGE. & eis SE ik ga Se, pee ey A Aoi IBONCRT ote coe ce 23.12 8. 67 2.88 
eee i) DOUL Amerieg so 52) 5a. ie ct ewe esp am= she Run of mine...... 23. 44 10.96 2.02 
Bees WIP OAs ct on ein yee Nala Se nian BONGae eka e teers « 28. 08 2.91 1.26 
BRE LUANG ON Co os. Sais nt in coe ane = ape geen Washery refuse.... 30. 35 2.68 1S Sib BRT 
TOYS sce 3 te, ae See eee aang a ey a COneancecne ee 31.89 2.25 2.76 
RSG VAT OUND SS octets he alc ek Sad. see Says ie sepeet BONG: cies seneins 43.74 47 1.65 


If these figures are compared with the results on page 25, it will 
readily be seen that even after due allowance has been made for the 
difference between the operation of a testing station and that of the 
average commercial plant, the possibilities from these high-ash fuels 
warrant thoughtful consideration by the progressive managers of 
commercial installations. 

The manager of a large steel plant in England realizes that his 
ability to maintain the high-grade qualities of the steel, for which 
his company has been so long noted, and at the same time to reduce 
the cost of manufacture to a point below that of his competitors 
‘depends on a reduction in the cost of generating power. He is, 
therefore, seriously attacking the immense refuse heaps that have 
been accumulating for years at the colliery connected with the steel 
plant. The material from these refuse heaps is passed through a 
crusher and then to a washer where approximately one-half of the 
nonconbustible material is removed. The washed fuel, containing 
approximately 25 per cent of noncombustible material is then utilized 
in rotary eccentric-grate producers, to the entire satisfaction of the 
company and with a reduction in the cost of the product of the plant. 

In sharp contrast is a plant of several thousand horsepower pre- 
viously mentioned. This plant is operated in the interests of a large 
corporation in the United States, which owns extensive bituminous- 
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coal mines not distant from the plant. The operating company sends ~ 
its own bituminous coal to the market and uses Pennsylvania anthra- 
cite at a cost of over $11 per ton in its producer-gas plant. Owing 
to the lower labor charge when anthracite is used, the records of the 
plant show, for periods of a year or more, that the cost of operation 
with bituminous coal, if charged on the books at $8 per ton, is con- 
siderably more than with anthracite coal. Although at the prices 
indicated, the anthracite fuel seems to give the better results, it is a 
question of no little importance as to whether refuse material from 
the company’s mines might not, even with higher labor costs, prove 
the least expensive fuel, especially as the plant has ample spare 
producer capacity. 


DATA ON FUEL USED AT COMMERCIAL PLANTS. 


The Bureau of Mines sent form letters to numerous producer-gas 
plants, inquiring as to the character of fuel used, the reasons, if any, 
for having changed fuels, the reasons why certain plants did not 
use local fuels, and the necessity for a low sulphur content in the 
coal. The responses may be briefly summarized as follows, the 
numbers being those assigned to the replies as received. The figures 
for fixed carbon, volatile matter, moisture, sulphur, and ash are per- — 
centages: 


Summary of replies to queries regarding operation of producer-gas plants. 
Ur-Drarr PLANTS. 
Plants using anthracite. . 


1. Fuel, buckwheat. Low-sulphur coal necessary, as high-sulphur coal causes 
back-firing. . 
9. Fuel, buckwheat. Pea coal has been used. Buckwheat is fully as cheap and 
works nearly as well. Low-sulphur coal not necessary for successful operation. 

16. Fuel, buckwheat, from 3-inch down. Analysis follows: 


Fixed "Carbon oot. eee cee cet ee doe ie ee ae eee eee 82. 47 
Volvtretimettert:. s20 ii. ce eoht. Ae Ee a es ee 5. 29 
Moiattire. (2 2 Lio: eer es Og Se ee 
ABT en bo ak dee cA Ae eb thie A hocks Ser ee oc ee eee 12. 29 


This plant formerly used gas-house coke, but the anthracite works with greater 
ease, as the coke clinkered badly and gave trouble from tar in the engines. 

19. Fuel, Pennsylvania No. 1 buckwheat. Low-sulphur coal regarded as neces- 
sary to prevent clinkering. 

20. One 200-horsepower producer uses pea anthracite, and one 250-horsepower 
producer uses run-of-mine bituminous coal. The pea anthracite is used in the spare 
producer, the other producer having been modified for the use of coke, which is a 
by-product from the gas department. 

36. Fuel, No. 1 buckwheat. Pea anthracite formerly used. Buckwheat costs 
less and seems to give about the same results. 
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Plants using bituminous coal. 


3. Fuel, Pocohontas slack. Analysis follows: 


BRR OU etre tere eee ns Sse ec yan tiees pe 6s 73. 60 
NA PENEL EER TE nites, capet hoc ois So ln oe ee a i ena 17.70 
TST RSS a EL Bea get Bele Bs oie hy Ls Ae Ge el a aa 1.45 
OR ge OS SE es ae hE ee (Pe 
Sulphur (separately determined):..............-..-..:.--- . 80 
British thermal units in coal, as fired..................... 14, 800 


Formerly used Alabama coal. Unsatisfactory. Toomuchtar. Caused preignition 

and variable gas quality. Peat is mined in the vicinity. Was tried, mixed with 

coal, and did fairly well, but gave an offensive, sickening gas. No ill effects from 
sulphur in coal, except possibly in causing coal-pile fires. 

5. Fuel, bituminous coal from Puritan mines, Cambridge, Ohio, }-inch lump. 
Have experimented with other coals, but the above meets requirements best. Other 
coal is mined in the vicinity, but it is too high in sulphur. Low-sulphur coal is 
required, as the sulphur fumes cause distress. 

12, Fuel, No. 2 washed nut bituminous coal that passes over a ?-inch and through 
a 24-inch screen. The proximate analysis is: 


Hixeer Garo spares Ore re) See ea 54. 83 
Dialer atten mur hy ee wr on sae, Pole CUS Tome SUL 29. 91 
BUGIBUIITOre a1 MORE feos a el Nao Cee ten SP one eee ne ee TE. 7.90 
Ja cid. ecco Sia ars icy RS PRO a So) A ene 7. 36 
Sulphur (separately determined)...-..........-...00.2-22--2255 . 48 
British thermal units in coal as fired........................2.-. 12, 296 


Low-sulphur coal is regarded as essential in the operation of this plant to prevent 
sulphur fumes throughout the factory and a sulphur coating on the manufactured 
product as the gas is used for annealing. 

17. Fuel, Hocking Valley coal in nut sizes passing over 1-inch and through 2-inch 
screens. The two grades used show— 


PAX Carolee eer: woes ae eas os eS. eee eee e's 51. 67 57. 60 
Manotalennatteriesras sass ..c or ee ee Cos elder Ps ok 2 38. 26 34. 20 
MLGIMLITGO Hr See rats: Foe ede see ree IES eS 9, 24 4,99 
DEVE gi als Atal abr ey OAR ret OR Ae eA SS A Oe Se 10. 07 Be 21 
Sulphur (separately determined)...............---.-. 3.42 73 
British thermal units in coal as fired................. 12, 522 13, 658 


The second fuel is reported to give not enough gas and to be too high in by-products, 
_ 21. Owing to the fact that the gas is used in connection with furnaces and the prod- 
ucts of combustion are discharged into the room, considerable irritation of the lungs 
and throat is experienced, which seems to cause ill health among the employees unless 
the percentage of sulphur in the fuel is kept low. The fuel used contains less than 1 
per cent sulphur. 

25. Fuel, Hocking Valley bituminous nut coal. The analysis follows: 


Ma CAT Sete rr, ans TER We mths ER Me Eo aior, xi hse bao eval 47.01 
Ber ERUS LEUTTIOQC LOT et ne kt Ben ite oat Nah ee cc at oats eS elelm 5-5 case 36. 67 
OTTERS hel ey pe sts i Re RTS gi eR aed eal ee a 9. 30 
eee Sat Rn tay ck ais Ciore des eye «5 ae SERS EAA 6. 97 
Sulphur (separately determined)................--------------- 1.98 


The company used anthracite for the first two years, but on the addition of new 
producers changed to bituminous coal, with a saving due to the difference in price. 
They find that the present plant operates more easily on bituminous coal than the 
former producers did on anthracite. 


43186°—Bull. 109—16——2 
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33. The analysis of the fuel used follows: 


Fixed carbon: 4 222525 tk Bae ea ee eee eee 69. 2 
Volatile matter. =. <.ais sia cee eee os ee ie ie ree 21.3 
Molathtress 5 sacs st ae a's aap so es peslt sas el ei a ee eee a 2.5 
YN Ren ea gr OE FDA SP YO Se By on 7.0 
Sulphur (separately determined) "oi. ease eee 1.5 
British thermal units in coal on dry basis...............-.----- 14, 760 . 


37. Fuel, bituminous, Westmoreland (Pa.) run-of-mine coal, showing 14,200 British 
thermal units on the dry basis. Anthracite coal is mined within 50 miles, but the 
bituminous coal works more freely and is less expensive. | 

39. Fuel, New River and Pocahontas (W. Va.) coal reduced to extreme fineness — 
before received. Typical analysis of the New River coal follows: 


Fixed carboncs: sagipeSaeg bh osse aise opts Set 2 eet a eee 73. 6 
Volatilematteruchak speed Aas TEE ew pes eee 20. 4 
Moisture: ssc 52s xentades- th: then cogs eet ae Seed eee 1. 04 
1.\-) oe arn Meier een ee EN a ST etry hres te 4,96 
Sulphur (separately determined)...............--.-.-...-+----- 91 
British thermal units in coal as fired (approximately)........... 14, 500 


Considerable carbon in ash at times because of uneven burning of fuel bed. Have 
used Pocahontas. No difference noted in general operation between Pocahontas and 
New River. Some wood is available in the vicinity, but the high cost of procuring 
it and the uncertainty as to successful gasification in the producers installed prevent — 
its use. No effects, ill or otherwise, have been noted from sulphur. 


Plants using lignite. 


4, Fuel, Texas, screened, large-lump lignite. Analysis of coal as received: 


Hixed carbon ...0 sc% sccy evn s oe ce eee eee eee ee eee ee 27. 02 
Volatile matters: 725. 4.4 Se ee ee eee ee eee 36. 92 
Molsttife... shots. oe We i ae oe 29. 20 
Ash $6) co5) Bex hit Se cece ns Se eae: Oe re ere 6. 86 
Sulphur (separately determined)....................--2+-2000: .58 
British thermal units in coal as received................---.--+- 7,442 


Obtain better gas with coal of low-sulphur content. 
11. Fuel, lignite screenings from two mines, showing a proximate analysis as 


follows: 
Mine 1. Mine 2. 


PURO. CALDOD Se ss cst Sk ager oie eerste cen ON Saat) ee 17. 50 12.13 
Volatile matters. o.oseoc cee terntie ot eee eee ane ae 47.55 48.18 
MOIStUTCs. a5 os cc S28 e aie ee aont See Oe eee ee eee 27. 21 31. 81 
BBD Tee ats i aac aha oe age ot eee ee 8. 21 7. 88 
Sulphur (separately determined).............-.....--- 44 1. 03 
British thermal units in coal as fired..............-... 7, 073 5, 561 
British thermal units in coal on dry basis.....-......- 9,717 Se byios 
British thermal units in coal combustible.............. 10, 952 9, 217 


Formerly this plant used lignite lump, but the cheaper grade gives satisfactory 
results. This cheaper fuel is regarded by the mine operators as of lower grade than ~ 
the lignite lump. It is lower in heat value and is also of a grade not usually market- — 
able. It works with slightly less ease than the lump lignite, but as it costs less and is — 
really worked with little difficulty it is regarded as a very satisfactory fuel. This 
lignite is mined in the vicinity of the plant. Low-sulphur fuel is not regarded as 
essential for successful operation. 
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«38. Fuel, lignite, pea-screenings, near Centralia, Wash. Several other Washington 
lignites have been tried, but all cost more and were no better or not so good on account 
of hotter fire and more clinker, The present fuel is of lower grade and highest in ash 
_ but works better. 


Plants using wood. 


13. Fuel, waste hardwood in lengths of 1 foot or less, and about 1 to 3 inches in 


diameter, together with some bark and sawdust. This hardwood runs about 35 to 60 
per cent moisture as used. During the early operation of the plant sticks 14 to 3 feet 
long were used, but some difficulty was experienced with arching of the fuel bed and 


the formation of pockets that burned out the gas. 
26. Fuel, cypress refuse from the hog machine. Brought about 1 mile from the 


mill. Chips and sawdust also used. The wood as fired yielded 5,400 British thermal 
units, and on dry basis 10,000 British thermal units. Other fuels tried in this plant 
are: Anthracite, bituminous coal, coke breeze, and pine hog. Coal or coke was found 


inferior to the wood refuse, as the cypress hog gives a more constant quality of good 
gas. It works with greater ease and costs less than the other fuels. Low sulphur 


content is regarded as important because of the deleterious action of H,SO, on the 
producer plant and engine. 


Down-Drart PLANTs. 
Plants using bituminous coal. 


8. Fuel, Big Muddy (Ill.) run-of-mine coal. Analysis follows: 


THES MG AULD i eg pheaa eange al ohaicee SCRA gets, in aimee oe gale imi aa 50. 92 
Vir TPO TAL UCL eee eres er tape eae nee ns oe cee Sais Sees t- 32. 80 
UME AE SRS ypegatreea cereus alas ae aS09 ope ay sa ye egea ig a 9. 40 
el ae MED tor nore Ie ia Re dials Sheets oS Saisie pos Ss eae 3 2 6.88 
Sulphur (separately determined)......-7.....-...-.-.--+---05-2 1.56 
Poranhy, Therma UNUs EY COAL. oOo oe we ttn cee al ges cece 13; 553 


Satisfactory in price and results. Is regarded as high grade. Makes good gas with 
little clinker. No trouble has been experienced on account of sulphur. 
20. One 200-horsepower producer uses pea anthracite and one 250-horsepower 


_ producer uses run-of-mine bituminous coal with— 


VOCE arg ong gee 2 peed aie Tod es on ea aera oe one 76. 80 
ee OTOL UARGLOY St tartare ot ae cae Se ee a ae ee Ue de a 17.11 
HUTTE 19 sph se separ bagel BRR Ses ie ahteipae oan eer gas Si) aps at 1.39 
JTW pace raeat op deghe ts mbatpigit ns Rael aa, Sia one Reese ree unghie RE eae gore cel 4.70 
Poupiur (separately deLermined ). 2. sos es cce scone sas are esie nes Or 


The pea anthracite is used in the spare producer, the other producer having been 
modified for the use of coke, which is a by-product from the gas department. 
22. Uses Pocahontas slack. Analysis follows: 


MONE FERPDOT Ce eer oe ei oo ste erate ce access eene cscs 81.41 
Volatile matter..............- IIT. es Pe ee ee es 13. 23 
LET aS et dy eg os ie ig a as gl Ce . 54 
eee irene setae PR. Waleed ORE Sk Gale SS et Ses 2 4.82 
Sulphur fecpetatel MSLOrminec i ofa eke ne oe PS A 50 
Perse total: 1nis in wackas fired. .<..35 2.0.02. s6 2 +s wee 14, 769 


Experiments have been made with other fuels, but ‘no other fuel has been used for 


any length of time. The lower the sulphur the better the results. 
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23. Fuel, West Virginia bituminous coal run through a 4-inch crusher. 


Fixed 'Carbort. 4c prcse me vege Cetin e ina eee ae ee 53. 89 
Volatile matters reco oc oe tk Sarees Cpa ae RIE We oe eee oot 36.01 
Moisture? sis 2s. 2 2250822 Pe ki ee ee ee ee ee 3.45 
Ash. ost oecSea cs oe See ee eet en 6.65 
Sulphur (separately determined )........:2-......----+-.s-+e-sen 2.22 
British thermal units in coal as fired (average of 49 cars).......- 13, 741 


This company has used other West Virginia coals and Indiana coal but finds the pres- 
ent coal gives a larger produceroutput. Itisofhigher grade than the other fuels tried, 
higher in carbon, lower in ash, and works with greater ease. It costs more than the 
other fuels. 

24, Fuel, bituminous southwestern Illinois coal, 14 to 7 inches. Analysis follows: 


Hixed carbon 00 ate oie. fe: SESE UES SOU Ae Dee 55.51 
Volatile mattera 2). 3225 SALES eral A a 31.78 
Moistitre 22.265 See Pe ee YES Ue Re 9.02 
Wahtwss. MeO Ts a eel Ae ee hee ea ee ee 3. 69 
Sulphur (separately determined).................-2-..--2-22..- Raye 
British thermal unite in dry-coal. -2 7292-4: . <css ss. ee ee 12, 805 


Run-of-mine coal from the same mine and a few other similar Illinois coals have 
been used. The run-of-mine coal was changed because of too much slack, as a more 
uniform grade of coal is preferred. The present fuel is regarded as of higher grade 
than that previously used, although it comes from the same mine. It is freer from 
dirt and of more suitable size for producer use. It operates with greater ease. It 
costs more per ton at the mine. Low sulphur is not essential but is preferred. 

27. Fuel, Pennsylvania run-of-mine bituminous coal. The average analysis of 
the coal in four cars follows: 


Fixed carbon: i. 5.5 iio. esos € eh cree oe ee 76. 94 
Volatile, matter. oo - 2)... 525 kes tele eo nee ee i te ee 13.70 
Moisture: ie. heath ee ee ca cai ee eae 1.47 
A Moe eos Bc nie ncaa le pudicis rene cm aie laters te ee he ee 7.89 
Sulphur (separately determined)........-- 5... 43.2... 42 ese ant 1.18 
British thermal units in coal as fired..,.....-~--+.24«.-------+- 14, 535 


When this particular grade of coal can not be procured a coal yielding 13,365 British 
thermal units is substituted. The latter fuel is higher in volatile matter, ash, and 
sulphur, and lower in fixed carbon. It is not necessary to run the fires quite as hot 
~ as with the former fuel on account of the higher volatile matter. The second coal 
costs less than the first. Low sulphur content is regarded as essential. On account 
of corrosion the 3-inch steel economizer tubes last only about 18 months. 

28. Fuel, West Virginia Pocahontas coal, running from dust to 0.75 inch in size. 
As fired it yields 13,500 to 14,000 British thermal units, and on the dry basis it yields 
14,000 to 14,500 British thermal units. 

29. Fuel, Virginia bituminous run-of-mine coal and slack. Washed slack has 
been used, but a change was made to the fuel first mentioned because no more washed 
slack could be purchased. The present fuel is regarded as of lower grade, although 
it works better in the producer and costs less. 

35. Fuel, Berwyn and White Scalp level, South Fork (Pa.) coal. Analysis: 


Fixed ‘carbone tus oe a Oe ee ee ee ee 77.0 
Volatile matter.............. DS SEIS. cake oo Po ee, Se ina ee 17.0 
Moisture oS. cehie sree ees ach oils sis. -eel eee ae .5 
Ashi: oP Re See I Se es Silane 5 oe Ue ae ee ee ee 5.5 
Sulphur (separately determined)...........--.....------------- 1.0 


British thermal units in coal as fired. ...........2.-- eee eneees 14, 834 
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This is a higher-grade coal and costs more than that previously used. The 
change was made as better results can be obtained with the present coal, as it works 
with greater ease and does not cake or clinker. Low sulphur content is regarded as 
necessary in order to eliminate the action of sulphuric acid. 


DovusBLe-ZONE PLANTS. 
Plants using bituminous coal. 


2. Fuel, New Mexico bituminous chestnut coal. Costs less than coal previously 
used in steam plants. Low-sulphur coal not necessary. ' 
8. Fuel, Big Muddy (IIl.) run-of-mine coal. Analysis follows: 


ENOTES TA SRS Se EE OR aie Tee ee eae ee ee 50. 92 
DRC IES UL OY wae Pee ene ae eee ee es oes ak eee 32.80 
OLLI won ee mame ene et baer te) Sete tS OPP EE oh 9.40 
pune ter eee 0s pees per eres ore em oles. Slat 6.88 
Sulphur (separately determined).....-..........-.....2....000- 1.56 
British thermal units in coal on dry basis...................--- 13; 553 


Satisfactory in price and economy. It is regarded as high grade. Makes good gas 
with little clinker. No trouble has been experienced on account of sulphur. 


Plants using lignite. 


$1. Fuel, lignite, size about 3-inch cubes. 


Gs ear pon a prORLMALGLY: 2. 8 ee es 40 
PUM TIGA CCTs ira eh aes er OS Ts Sn Sete ade ook 34 
TTA TE oy: Bioko nemo die o WUE. es ucilune in Oe ee 8 aes ihe baer 18 
A Rieee Phra eer... SOU AAA A 5 ne TL hc pia aaden eae. JL oh 6 
British thermal units in coal as fired. ....2022-2../..62. 0000.85 11, 400 


POUNDS OF FUEL PER SQUARE FOOT OF FUEL-BED AREA PER 
HOUR. 


One of the most important commercial items connecied with the 
design and the operation of gas producers is the determination of 
the number of pounds of fuel consumed per square foot of fuel-bed 
area per hour. This rate of fuel consumption varies radically with 
different types of plants and with different grades and different 
types of fuel and has led to much difficulty in designing and in rating 
producers. Early work in this country followed European practice 
almost entirely and thereby occasioned much trouble in connection 
with the rating of pioneer plants, and brought about the ultimate 
failure of many of them. Under certain European conditions fuels 
of a definite grade are specified, so that high rates of fuel con- 
sumption may be obtained. It is not impossible to obtain similar 
rates of consumption under corresponding circumstances in this 
country, but as selected fuels are seldom obtainable except for special 
tests, it has been found that in general in the United States the rate 
of fuel consumption per square foot of fuel-bed area does not average 
much over one-half the consumption originally guaranteed by early 
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manufacturers. This fact has, of course, led to a decided modifica- 
tion in the design of many plants. 

Although the possible rate of burning high-grade fuel may be rela- 
tively high, much depends on the method of operation and the char- 
acter of the fuel as to the actual commercial results obtained. Cer- 
tain types of fuel lend themselves more readily to high rates of fuel 
consumption than others, and with a given fuel the rate of burning 
will vary with the nature of the gas-generating process, the down- 
draft plant consuming practically twice as much fuel per square foot 
of fuel-bed area per hour as the up-draft. In 1911 the writer? stated 
that down-draft plants were in operation that consumed more than 
40 pounds of lignite per square foot of fuel-bed area per hour, and that 
up-draft producers could gasify comparatively large quantities of 
fuel per hour for relatively short periods, but that in actual operation 
with ordinary grades of fuel it was doubtful whether the consumption 
in the up-draft plants would exceed 15 to 16 pounds per square foot 
of fuel-bed area per hour. The normal figure at that time was stated 
to be much nearer 10 pounds, and it was said that 10 pounds would 
prove to be a high figure for fuels having a large percentage of ash or 
a sulphur content that tended to produce serious clinkering. It is 
interesting to compare the figures mentioned with the figures from 
several plants in commercial operation at the present time, as fur- 
nished by the owners or operators of the plants. Such figures are 
presented in the pages following. 


FUEL CONSUMPTION OF UP-DRAFT PLANTS USING ANTHRACITE COAL, 


The fuel-consumption figures for certain plants using anthracite — 
coal follow: 


Fuel consumption of up-draft gas producers using anthracite coal. 


Fuel as fired per square 
foot of fuel-bed area 
Horsepower per hour. 
Pinatino: of each Area of 


gas perk fuel bed. | 
erator. ; 
As actually 
As rated. operated. 


————$—$<“— |e —| eum — | ___ounan 





i 0 

Qocin. Seb May Sra s oes See. ea ee Rae Re ee ee 160 12.6 16.0 12.7 
rit Sapaagelincee Mi ce tae eR 4 Ce Re hee oom oa 250 38.5 1.8 | xen 090 
ASS. ck ee el OR Lees ce seein eatin Pa teee. 4 300 42.5 8.7, |. sexi eee 
1 pepe etary i Ss ptedies Oa CRM eg hee Pore onda tee ee ket om 300 44.2 6.8 7.3 
B65 65. LLL. ae as ee See a ces Sey 9 eg a seer eg 300 44,2 8.5 4.5 
EG oo soem. aspseca alias nee agen er ae ee ete Nees ne Ee ne 400 56. 6 me 

AMOEALB. 5 Mocs. goal ale beans Aiea re a eae aalo| oaicks 2 ab nite mal rama bade e i a ee 





a Fernald, R. H.,and Smith, C. D., Résumé of producer-gas investigations: Bull. 13, Bureau of Mines, 
1911, p. 45. 
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The average consumption of the seven plants listed, on the basis 


of the manufacturers’ rating, was 10.7 pounds per square foot of 
_fuel-bed area. The number of plants reporting operating figures for 
anthracite coal is not enough to permit the presentation of averages, 


although it is probable that the average figure for commercial oper- 
ation for up-draft plants using anthracite as a fuel is not far from the 


average given on the basis of the manufacturers’ rating. 


FUEL CONSUMPTION OF UP-DRAFT PLANTS USING BITUMINOUS COAL, 


Figures covering fuel consumption of gas producers using bitu- 


minous coal follow: 


Fuel consumption of up-draft gas producers using bituminous coal. 





Fuelas fired per square 
foot of fuel-bed area 





Horsepower hour. 
Pant No of each Area of Ce oe 
. gas per {00 bed at aaa Ga 
erator. 
As rated. feb 
Squarefeet.| Pounds. Pounds. 
2 a gh aS oe eee See ee een ra meee 200 23.7 ike we 
See fw ey en Fe) Me see otuls aye Seicilie aed sles Sa 200 25.0 10.0 7.6 
a JSMSO 205 Sine ae AP oper ae SPR ner oe ea 250 28.3 10.6 7.6 
A ee ee Se eee ee cd Se eee aa 33. i 10.0 13.7 
24. 10. 4 
ag ESS Le PI ESS ER ane oa ae { 300 42. 0 9.5 \ 7.4 
40. 0 9.1 
(go CRESS RE SON SO ach ie ig ade el { 400 50.0 8.0 8.5 
RR ae, ORO age a ite SIS ian ih heaters ks Bad S ae me ‘ 10.0 6.1 
sn oe terre oe a> { 1,000 78.0 \ wetteeeeeee 8.7 
ESS peas ae Sree ee re Pee Oe 1,000 70.9 7.0 7.1 
eh eh 52s Gi oe bop Tee aes ane en ae , 500 210.0 14.3 13.1 
EARV CLAD Great erate et ae tas cater anemia merein aaa ene eo niia ewe dale cles Spee cles hab at 10. 4 Soh 


For the up-draft plants operating on bituminous coal the range of 
actual operating rates of fuel consumption seems to be from approxi- 
mately 6 to more than 13.5 pounds per square foot of fuel-bed area per 
hour. This marked difference might, on first thought, be supposed 


_ to be due to differences in the character of the fuels, but an examina- 


tion of the records submitted shows that actually the higher-grade 


fuel is used in the plant reporting the low rate of fuel consumption per 
square foot of fuel-bed area per hour. 

The coal used in the plant reporting the 6-pound rate averaged 
14,500 British thermal units as fired and contained 5 per cent ash 
and 0.9 per cent sulphur, whereas the coal used in the plant reporting 
the 13.7-pound rate averaged 12,520 British thermal units and con- 
tained 10.1 per cent ash and 3.4 per cent sulphur, and the coal in the 


_ plant reporting the 13.1-pound rate averaged 12,300 British thermal 


units and contained 7.4 per cent ash and 0.5 per cent sulphur. 
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The inference is that the plant with the 6-pound rate was operate: 
much below the capacity of the producer. 

Although there seems to be little direct relation between the rate! 
fuel consumption for the individual plants and the number of pound) 
of fuel actually burned per square foot of fuel-bed area, the averag) 
figures check within reasonable limits and indicate that approximatel 
8.5 pounds per square foot of fuel-bed area per hour with good-grad 
bituminous coal is a reasonable figure for an up-draft producer ga 
plant. 





FUEL CONSUMPTION OF UP-DRAFT PLANTS USING LIGNITE. 


The figures for fuel consumption in gas producers using ligniti 

follow: | 
Fuel consumption of up-draft gas producers using lignite. 

Roane ane MS Neat | 

Fuel as fired per squar 

foot of fuel-bed are 


Horsepower r hour. 

Plant No of each Area of saci tla 
i gas gen- | fuel bed. | 
ore As rated, | 4S actual: 


operated. — 


i 








aa age) ee) be a ee ee ee 


RR EOE ee ISA A) pr ge Nhe LE 100 11. 
Rat eet Swit Ch Meet Be een a ec wah ne 100 20:4) een 8. 
trees Cpr SP MERE ew 5 ORC | US 250 Sa5 |. Sees 14. 
BB v2. heel, oe Fe hd ee ge skeet 300 41.3 10.0 8.| 
AVOrapOsis afl. 2 od. Se Mgt Gs Pee dee ot ican aa a 10.8 10..| 


7 
The returns cited for lignite in up-draft plants indicate that approxi: 
mately 11 pounds of lignite is burned per square foot of fuel-bed areé| 
per hour in plants of this type. | 

Tests at the Government testing station at St. Louis in 1904—-190€ 
indicated that a higher average rate may easily be obtained with lig. 
nite in up-draft plants. 


FUEL CONSUMPTION OF UP-DRAFT PLANTS USING WOOD. 


Figures for fuel consumption in gas producers using wood follow: 


Fuel consumption of up-draft gas producers using wood. 





I a a { 
Fuel as fired per square! 





foot of fuel-bed area} 
Horsepower per hour. 
Plant No of each Area of 
: gas gen- fuel bed. 
erator. 


As actually | 

As rated. operated. | 

Square feet.| Pounds. Pounds. 
a 3 12.0 

33.3 

{ cet a 14.0 14.5) 
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FUEL CONSUMPTION OF DOWN-DRAFT PLANTS USING BITUMINOUS COAL. 


Figures showing fuel consumption in certain plants using bitumi- 
nous coal follow: 


Fuel consumption of down-draft gas producers using bituminous coal. 


Fuel as fired per square 
foot of fuel-bed area 





Horsepower hour. 
Plant No of each Area of Matha 
3 gas gen- | fuel bed. 
erator. 


As actually 
As rated. operated. 


| es ees 


DA 5 ipl als 8 eh Shs ee AE aE eee ae eee 2 4.4 
ee ea es BEE TEC Ae Ae Pe aS Beate SET 250 17.4 WOK ara ceee te 
Baise no Sic SER eS ne en pele SEIU AR 1d eae 250 20.4 14.7 14.7 
Se ee eee See ee SY Aa RS PM RTS 375 38.5 ISSOR See sae ones 
De ese Sb Reg PIS ie a CP GS ey Ri te Sehee 500 50.0 DAL ed de criaicte 
Bere ree See es Dot ete Rae 3 See eS 800 36.0 33.4 18.4 
PATE oc es 28 Sipe ellie ee aa Br 1 SEA are eR AI: SRL eC 1,500 60.0 27.5 23.5 
PEND Aap a ka Aig RARE eo ie eo Le la at ae ae eR 1,500 60.0 20.0 16.7 

PAV CLA L Ore eee Pec Re Sera ee a a ee Pe A rene Recto [Sacer Se Peele austere Aas 19.1. 17.5 


For the down-draft plants of the double-generator type the figures 
reported are perhaps not sufficient to warrant conclusive deductions, 
but when compared with data from other sources they make apparent 
that the average fuel consumption per square foot of fuel-bed area per 
hour is nearly correct. 


FUEL CONSUMPTION IN DOWN-DRAFT GAS PRODUCER USING LIGNITE. 


Figures procured a few years since from a plant using lignite in 
1,100-horsepower units of the down-draft double-generator type indi- 
cated a normal fuel rate of 33 pounds per square foot of fuel area per 
hour for 16 hours a day, and the unusual rate of 48 pounds for 8 hours 
a day. This instance, however, is too exceptional to be regarded as 
representative of general practice. 


FUEL CONSUMPTION OF DOUBLE-ZONE PLANTS USING BITUMINOUS COAL. 


Figures showing fuel consumption of double-zone gas producers 
using bituminous coal follow: 


Fuel consumption of double-zone gas producers using bituminous coal. 


Fuel as fired per square 
foot of fuel-bed area 


, Horsepower er hour. 
Plant No of each Area of P 
: gas gen- | fuel bed. 
erator. 


As actually 
As rated. operated. 





Square feet.| Pounds. Pounds. 
Abs eget: Do ode: Coker ae Alay SPSS bee een ee 250 29.3 24.0 10.3 
way Oe IE eh J Er rio, BE Sg Re a 500 47.0 17.0 
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As operating returns were received for only one double-zone plant, 
no definite direct deductions can be made, but a review of the results 
of tests of such a plant indicates the rate of fuel consumption under 
test conditions to be not far from 15 pounds per square foot of fuel- 
bed area per hour with bituminous coal and 23 pounds with lignite. 


CONCLUSIONS REGARDING COAL CONSUMPTION. 


A study of the operating reports submitted indicates that the aver- 
age rate of fuel consumption in producer-gas plants is considerably 
higher than a few years ago. This betterment is due, perhaps, to 
two reasons—first, a more efficient operation of the plants themselves, 
and,second, an increasing tendency to use higher grade fuel. The first 
result is to be commended, but the second should be deplored. 

Although too much stress must not be laid on the following values, 
the deductions from the operating figures supplied above, coupled 
with personal observation of many other plants, seem to indicate the 
following approximate values for fuel consumption per square foot 
of fuel-bed area per hour as representative of good general commercial 
practice. | 


Figures for fuel consumption in gas producers representing good general practice. 





Fuel consumption per square foot of fuel-bed area per hour with— 


Anthracite coal. Bituminous coal. Lignite. Peat. Wood. 





Kind of plant. 
Maxi- Maxi- Maxi- 
Average.| um. |Average-| mum. | AVerage-| mum, | AVerage.| Average. 

Up-draft using— Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 

Fuel as fired... .. 10. 0 14.0 8.5 14.0 12.0 17.0 15.0 14.0 

Fuel dry’. - 222220. 10. 0 13.5 8.0 13.0 8.5 12.0 12.0; eee anes 
Down-draft using— 

Puel'as. fred Soc) Sasa. eee ates 17.5 23.5 26.5 31.5 So. a fe woce cee 

Buel. dry... 333% :| 26525525 3| case oes 16.5 22.0 18.5 22.0 2060 aha cela aaateiers 
Double-zone using— . 

Buel.as fired $25 ce| 0s 4. a s4| Sete ee 13.5 / 18.5 21.5 21, Oi) ce te hes ee ae 

Fuel dry sti oce 2 ory Sods oes ee ce 12.5 17.5 15.0 1900 10. Seas eee 


POUNDS OF FUEL PER HORSEPOWER-HOUR. 


Producer-gas investigations of the United States Geological Sur- 
vey and of the Bureau of Mines, conducted with plants not above the 
average in efficiency, showed the following approximate fuel consump- 
tion per brake horsepower per hour: 


Results of producer-gas investigations, showing fuel consumption per brake horsepower 
per hour with different fuels. 


Fuel consumption per brake horsepower-hour with— 


Condition of fuel. Bituminous coal. Lignite. Peat.a 
Average ee uae Average. bra ceseene Average. 





; Pounds. | Pounds. | Pownds.| Pounds. | Pounds. | Pounds. | Pounds. 
Wired: 3. fe eee 123 2.0 0.8 2.0 2.8 1.6 2.6 
DDT ee parce t at Poteet cu ae 12 1.8 .8 1.63 2. 02 1.35 2.0 








a One sample only of peat. 
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Although these figures were procured during the progress of regu- 


lar tests, the conditions outlined in previous reports of the Bureau of 


Mines indicate clearly that equally good results should be readily 
obtained in the average commercial producer-gas plant. With this 
in mind, the following results, reported by the operators and owners 
of several plants, are of peculiar interest: 


Results of operation of producer-gas plants showing fuel consumed per brake horsepower- 
hour with different fuels. 


ANTHRACITE COAL. 





Fuel fired per brake 


Horse- Total ee 
he Powe Of epere Heat ae horsepower-hour, 
each gas power ae fired: 


generator. | of plant. Rating. | Operating. 











Begeu Pounds. Pounds. 

(Re OR SOE aa ee 75 UNO pens <: PGT ih 8 ieee 
a a eS, wn Se ee 300 Si eke ae 1,00 1.30 
era Pvida te Hib). dite Jerr) oe: 300 B00 (sath voune, 1, 25 1,30 
LENE Si ee ont 400 77 aR a Leas ee cs oe 
Roe aig Hits Nal maids 300 C00. en 1, 23: beh tee aes 
ete iene er oie ce nun c28 2.4 160 GAO eo acek 1. 25 1.50 
aE eet eo 250 0 eo 1, 20 1.25 

PA VOPR SO ago oe ho eo de ee ne ane ani fees ao Ree Unc reed senda edd ane ecae > 1, 26 1.34 

BITUMINOUS COAL. 
ee at WU eee Ne 200 DOOH TE lee 1.10 1.00 
2 AR lig SU 5 ia RO NRL) ak 250 ine ee Te gene erie 
ONL RRR ante ice el 200 400 14, 800 1.25 2. 40 
1h Se TSS EAE are CS 200 400 1400015 35. 1.65 
RAE ae Se aaa nena, Sart 250 500 12) 520 1,30 owe tee 
De ee Ct coe tee uk «nc 250 500 14, 370 1, 20 100 
1 ee VES ARS ei eee 250 500 14) 535 etd eres Se 
RE! Be Ey oat At eae Se 500 500 14,770 1,00 120 
08 BSS Sea ee aaa eee { a \ 1, 000 12, 300 1.30 1.40 
oo pecan ley pele eee Reload 250 1, 000 14, 835 1.20 1.00 
oh, MEURE Sneek gt ee a 370 1, 100 14; 500 1.37 1, 80 
25 { rosah enable ce 1.10 1. 40 
eR as NM SS ee eA SPR rete) Si Se ls) SS mem) Sieg eres) eee 400 5] Sain ee ie im . > 

eSNG gE i tr 250 ET a oe 2. 80 2.00 
RASS EE Ree ae ee i Fe ees conse taza iereestee 1.29 1.00 
5 GRO RES aieeebek oe pa ara: oar $00 |} 4,200) 12,270 1.60 1. 20 
Ea ae ga esa Sec 1,500 6, 000 13, 740 1.10 1.15 
USGS aa ema eae mee cts etaav ie! 1,500 9,000 11,540 490 | Bee 

PALVOT ACD gee ten occa SAA nek ee eee. Rieen 2 tee de ee tek Laas oy 1.30 1. 40 

LIGNITE 

RE eee ee 100 100 7, 440 2. 25 2.50 
0 EN on Sted EERO TN MENT 0 Se 100 Wad catiget| ano. 2. 40 
sie ie alae al ieee ante 300 S| ee ee ee 2.00 
PRES TREE ON Deas OY ees Me 200 400 11, 400 1.50 3,00 

UCN PC Oye ae ea a PE ee Se SSN 5 5a le aio caoy ed beh Padie,aeewb as [anid sidan s 2. 48 

WooD 
gg ea Sopp e ie n 150 One oe a0 tee 
200 

ly BS SSS pen cat td) ea ened { mop) 080 5, 400 2.50 3.33 
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A more direct comparison between the results of commercially 
operated plants and those obtained at the Government testing sta- 
tion may be had by an inspection of the following tabulation: 


Comparative results of operating producer-gas plants by the Government and by commercial 
companies. 


Fuel consumed per brake horsepower-hour with— 


Anthracite. Bituminous coal. Lignite. Peat.2|W ood2 
Operator. 


Aver- | Maxi-| Mini- | Aver- | Maxi-| Mini- | Aver- | Maxi-| Mini- | Aver- | Aver- 
age. |mum.|mum.| age. |mum.}mum.| age. |mum.|mum.} age. | age. 


Bureaw of, Mines. ss. .| ee sees else cee eres 
Commercial plants... -- 1.3 1.5 D3 


a One sample only used. 


Figures showing the heat value of the fuel and the actual con- 
sumption of fuel as fired per horsepower-hour for different plants 
follow: 


Heat value of fuel used at different gas producers and fuel consumption per horsepower- 
hour. 





Fuel fired Heat Fuel fired 
Plant No. value of | Per horse- Plant No. value of | Per horse- 

fuel... -| Bore fuel; | | Foes 

hour. hour. 

B.t.u. | Pownds. B.t.u. | Pounds. 
atin ek ee eee 7 ee Bae 7,440 2 BOM STi ale ee eee 14, 000 1.65 
Tie Ee eee De ee ais 11, 400 31 O01). a5. eeeee! arent Se eee 14,370 1.00 
one Ns We Re ah Se Bi ee Ae Se 12, 270 De QO S22 os ee ce cee eee eo 14,770 1. 20 
1) ee to eee eee 12, 300 TA Oo" Sle 5 ere ee er oe 14, 800 2. 40 
7 ls nat Lagaek eR ER a: 58 SN ee a a 13, 740 Teo W3OSee ee eee eee 14, 835 1.00 

OS Ns Pets one oor ra erates at aR cd 13, 750 | - 1.00 


It is at once evident that there is no direct relation between the 
independent results obtained by different operators and the heat 
value of the fuel used. This lack of relationship is to be expected, as 
individual plant conditions are so radically different and producer- 
gas power is relatively so new that some plants are necessarily much 
more efficiently operated than others, a fact convincingly borne out 
by a personal inspection of a large number of plants. Even plants 
owned by the same corporation, situated in the same district and 
using the same general grades of fuel, may bear little relation to each 
other in the results obtained. In one plant after the power used had 
been changed from steam to producer gas the cost per ton of 
finished product was reduced to less than one-half of the former 
cost, whereas in another plant controlled by the same company 
the cost per ton of finished product was practically doubled after 


aa ieee 


DEPTH OF FUEL BED. ON 


a similar introduction of producer gas. The difference in the two 
results seems to have been due to the difference in the methods of 
the superintendents in charge. One superintendent was a live, wide- 
awake man who believed it essential to have his power plant kept in 
perfect condition for the successful manufacture of his product. As 
a result, he has never shut down for want of power. 

The other superintendent felt that the power plant ought to take 
care of itself. The appearance of the plant testified plainly to his 
expressed views and serious shutdowns were frequent. 


DEPTH OF FUEL BED. 


Data supplied by various producer-gas companies regarding the 
depth of fuel bed used follow: 


Data regarding depth of fuel bed used in various producer-gas plants. 


UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 


Approxi- 
mate quan- 
Plant No. Grate area.| tity of fuel| P ure of 
burned 
per hour. 
Square feet.| Pounds Feet. 
eRe Le Mats chs ee OR 6 Se Mei Ok eer oars Bm e ise ie eee s (ell 4 
Dl So ae Rabies oe AAS Se aa a Re al Se ie ee See ea Es 12.6 160 2.5 
he oo Src GEO eee chee ts a Cook pea SCE Se os or SS Ser Nn a eee ae VSAOnIE es Saeko ae 3 
We n.o SMES SESE Bia aie ene ete ah Rea Ae Ped Site Sean 44.2 200 6 
Bah eek Ae Mera aS BESO BAe ea ee © AEE a, Serie Soe ae ne ee ee Ae ie ee 2.75 
Shah sey SR RS et Se aera ile ae las a cee eS (oan fe ae 38.5 300 2 
RUPEE erent At ane, eee hehe a te te ot Sac cere pe ato e Roepe s 44.2 300 10 
SR ee eed or teeter ee nails oie wets ie Ca cease tis secs Se tee ci 56. 6 500 4 
PLANTS BURNING BITUMINOUS COAL. 
2, oe aS Sy US 5 Ae ae hoe SY I A aril es ee a ATS ee Ue 23.7 165 2 
Seat. CMe a sem re ch eos -Seirne fe ote Seat hia 25.0 190 3 
Sy el Net err tec Sines Sata ee eee ee ee A Sale Sales whet UREURISS Seas 50. 2 300 1.5 
SS oo ate yas Se COANE SASS Le ARIE SO Sere re pea 40.0 340 2.5 
2D). ch SReeean S Sceee Oar gROR Ce ch Voye State cas ye eR eee eh ae 50.0 425 2.5 
Tg nS Ra £ Beer ais IS meme re An tame Ae eae AI oan ea See 50.0 435 1.75 
VO RAS Sn ASE ee ee, eae Renta Ur MRE Nr. te 2s Me LA Rat ee SO 33. 1 450 4 
Doves Lciend S kc setae Bie ree es EED ge Seta ely as oe a a Bi 70.9 500 3 
OO sce, Sie Bi tate eR a are caret ie 5 Aa es Be OE BS ek By we om a RS a 78.0 680 1.75 
Pee 5 oath b See RRO AACE Aen Eee seen BAAS ae peter ea ee sa a 210.0 2,750 6.5 
PLANTS BURNING LIGNITE. 
Wie = Lobb ooo dee Ga cudtiy Scab OCR BHCC OLB Dae See EEE Sle ey ice ae a eel See ees 4 
(ig ARPS We Jailer a vee a Seema perme args hpeepapaees nis Nearer > ie 19.6 225 2 
es cg Se Ee Se as See ene ae ek So ae ee eee Se 41.3 350 6.5 
Els iss ppg JN ela dips  Sataaalpati eh 7 Nees bigere a, Rae aR Ty ih ae aa aia’ 38. 5 570 1.5 
PLANTS BURNING WOOD. 

LSlo - DOG RCo to RE SEE SAC CODES pM) cae Hess Gs Ste aan Be oe ee ae Men 50.3 605 8 
Eo opt ho bs SRS ee Boe pull eek SEE SOR ae Be IRs eer te ae Se ee 50.3 725 7 
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Data regarding depth of fuel bed used in various producer-gas plants—Continued. 


‘DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 








nbrepas me 
mate quan- 
Plant No. Grate area. | tity of fuel| P ee of 
burned | - + 
per hour. 
Square feet.| Pounds. Feet. a 
721 Oe eae he re alae hs ie Se serene ge clans ig eae Dearie gene Meare aie rel a Ba i 220 5 r. 
2D 5, Nadgde. CHG. 5 saint RAVEERE Oe RM Ae PTE STL eye 17.4 250 5. = 
Ff Rs Se eather me RY A EET in hone pp en a ee GER SS oe 17.4 295 6 
BO S503 ce OE BOS Sy oii ve rey eee ere ence sin yee oh cae tee ater 20.4 300 12 
28 oe ole yee ee | ee ing Sea siete Lie sicharete sieeve eee ee See MR Sere a meni on 50.0 625 6 | 
Ba wine a ne'a Bi cah Aarne Sune goae anna pameamgeieme a! ye Metts te ements 36.0 1,200 8.5 
2 SE een Meme Mr Pees hrias X) ore SUNN Bieber Boel 60.0 1, 400 9 1 
DOUBLE-ZONE PLANTS. bi 
PLANT BURNING BITUMINOUS COAL. i 
De ei Tse eatin Pleicis ie Sine a /e’n ees Se aig See make fe Sa aes he ae en oa | 29.3 | 310 | 12 
PLANT BURNING LIGNITE. 
BL rch Pec te es cle icles cies we aie a ocel mie renee stiaier ene el olere: Arouke Cemmnaretarer coet Iocan aye | eee | clean outer | 8 


COMPOSITION OF GAS. 


The composition of producer gas varies with the type of producer, 
the methods and skill used in operating it, the uniformity and regu- 
lation of the air and steam supply, the kind and quality of fuel used, 
the depth of fuel bed, the distribution of the fuel, and the uniformity 
in size of the fuel. .The variations in the composition of producer 
gas under different operating conditions are readily shown by the fol- 
lowing results of analyses of the gas produced in different plants. 


Results of analyses of gas from different types of gas producers. 


[Results represent per cent by volume.]} 
UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 


Plant No. CO CH, CoH, He COs, Oz No 





a a a 
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Results of analyses of gas from different types of gas producers—Continued. 


UP-DRAFT PLANTS—Continued. 
PLANTS BURNING LIGNITE. 





Plant No. co CH4 CoH4 He CO2 Oz Ne 
RS Sers See ee ee ne cre eee 16.2 5.0 0.0 25.0 6.9 13 45.4 
SND en eee Rees ce cnet et eee hers Os tet aoenitee toe Peel: coon ee cc 6.6 PTA eer age 
PRU eels on creane te <arersi- eetiae DENS ote see Mette nae oe w|i oi aie a sw cia 16.6 Oso) lueee sees 





ys Se Pee ue ells RE ee eee | 13.6 | 8.0 | 0.0 | 4.0 | 12.9 | 0.0 | 61.7 


DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 





hh ES ee 24.0 1.6 0.0 14.3 2.0 0.2 57.9 
pe aa a al 21.2 3.0 ‘0 9.3 5.0 3 61.2 
OF tle SC a Sole ae aes 25.6 0 1.0 13.6 5.0 ‘0 54.8 
VOrabek fk 23.6 1.5 3 12.4 4.0 2 58.0 
DOUBLE-ZONE PLANTS. 
PLANT BURNING BITUMINOUS COAL. 
|S a lee es Cae ee | 23.2 | 2.8 | 0.0 | 11.0 | 6.2 | 11 | 55.7 
PLANT BURNING LIGNITE. 
ES Pees pee | 10.4 | 3.8 | 0.0 | 17.2 | 15.4 | 0.4 | 52.8 
OIL-GAS PLANTS. 
PLANTS BURNING CRUDE OIL. 

Plant No co Cl, HS om. He CO, Oz Ne 
eR eras ee aa 10.2 6.1 0.0 3.8 10.6 6.1 0.0 63.2 
i a eS fears 7.4 12-7 3.1 DG es: res ec ome 69.3 

aNo steam. b With steam. 


The averages of several typical analyses of producer gas from the 
Bureau of Mines testing plant and the averages of the figures pre- 
sented for plants in commercial operation are given below. Attention 
is called to the fact that the analyses may not be strictly comparable, 
because methods of analyses may have differed slightly. 
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Average results of analyses of producer gas from Bureau of Mines testing plants and from 
commercial plants. 


[Results represent per cent by volume.] 
UP-DRAFT PLANTS. 





Gas from Gas from bitu- 


enthtackts egal mineaeroal: Gasfrom lignite.| Gasfrom peat.e |Gasfrom wood.a 





Constituent. j 

Bureau| Com- |Bureav.| Com- |Bureau| Com- | Bureau| Com- | Bureau] Com- 
of mercial of mercial of mercial of mercial of mercial 

Mines. | plants. | Mines. | plants. | Mines. | plants. | Mines. | plants. | Mines. | plants. 

















Carbon monoxide 


























CBD gta ee a eke etal sti Set 22.7 18.28 DA AS ee Ol 200 ieee D1 ON At ae eas oe ee 13.6 
Methane (CHa) esas s|be ceases .0 3:12 3.7 220 Fl tose PT Aah s Dect All od de oh ys 8.0 
Ethylene (CeH4)....|...---.- .0 .18 ail Ae oe oe Bie HM hed pene al kh nc 0 
Hydrogen (He).....- Wa Peete 15.5 | 12.90 1AC.6y el SS 00 eee 05 eRe nl Peres aby 4.0 
Carbon dioxide (CO2)|...-....- 5.5 9.84 ASSUE 1240s aes 12S 4c e oe ae ee oe 12.9 
Oxy gemi(O>) a2. sas eee ee 3 04 6 AU 2) Sees  OrlSeecuseaieece ems 0 
Nitrogen (No)e.. 4-6 sheer ee 56.0 | 55.64 D428 a 245 5O0 wl eeepe ae 450% Soot Sales 61.7 

a One sample only. 
DOWN-DRAFT PLANTS. 
segistedatag ol Cees Gasfrom lignite.| Gasfrom peat. | Gasfrom wood. 
Constituent. Ey Lea BR a I a Pet Se G17. SNR yy 


Bureau} Com- |Bureau| Com- |Bureau| Com- |Bureau| Com- |Bureau| Com- 
of mercial of mercial of mercial of mercial of mercial 
Mines. | plants. | Mines. | plants. | Mines. | plants. | Mines. | plants. | Mines. | plants. 


























COR eects eae leone cl etree ec 19.1 24.6 T5s0n eee as 140 Saleh roe eee 
Methane.(CH4)....-: hes eemeds terol abi 1.1 1.5 Ls Ailes ees 1s Sbleegia. aa nn eee ee ee 
Hthylene (Css) pec iseeee ce ee eee .0 3 tee 29 i elds oe erste erence che | en 
Eiyarogen (iis)\secs sce len eee 11.4 12.4 ISi8, aot se 13.3 lel ne ee cle | eae 
Carbon dioxide(COz) |........|.------- 7.6 4.0 SD eee eee 12,9 oo. sc cealeomete tel aaeeee 
Oxygen (Op ) seen cose os es lnee sens 2 2 nd jeer ae 2 ~ G0: | ace sce Seas « 2's eee 
Nutrogen(Ne)s ores |store eee eeee eee 60.6 58.0 isha les en dies SO.8 Rose caidaes se cieiaeeee seme 


HEAT VALUE OF GAS. 


Figures showing the heat value of the gas from different fuels 
determined from the average of a large number of tests reported by 
the Bureau of Mines and also from the figures submitted by the oper- 
ators of plants in commercial operation are presented below: 


Average heat values of gas from different fuels when used in various types of gas producers. 


[Figures represent British thermal units per cubic foot of gas.] 
UP-DRAFT PLANTS. 


thecal fear Semi Gas from lignite.| Gas from peat. | Gas from wood. 
Location of gas pro- wos SATE a se RE it ete ES ee | ty so 
ducer. 


Aver- | Maxi- | Aver- | Maxi- | Aver- | Maxi- | Aver- | Maxi- | Aver- | Maxi- 
age. |mum./ age. | mum.| age. | mum.| age. | mum.| age. | mum. 


Bureau of mines 
testing station..0c}. gsc. sche aces 152 176 158 188 a175 
Commercial plants - . 1383 Pee eee 151 175 157 185 








a One sample only. 


Ss. a 
id , 
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Average heat values of gas from different fuels when used in various ‘types of gas pro- 
ducers—Continued. 


DOWN-DRAFT PLANTS. 








Saabiegen oe Sa aude Gas from lignite.) Gas from peat. | Gas from wood. 
Location of gas pro- 


ducer. 








Aver- | Maxi- | Aver- | Maxi- | Aver- | Maxi- | Aver- | Maxi- | Aver- | Maxi- 
age. | mum. age. | mum.}| age. | mum.| age. | mum.]| age. | mum. 





Bureau of mines 
ASLAN EUStALION. Oy cle” sae ae llemetee Lt 110 123 TL 127 @115 a119 
Commercial plants \¢.-.222-|.220. . 2. 123 130 








Bureau of mines 
HON Dito bbl Tiere eet re las Seteee aes | re ete Scere ener e auc leaves s fe NS 2 ln olla el es ae 
Commercial plants. .|..2225--|-:----2- (CC) elses: MWS lisese aseue ity pease nee Coal eae ee ene A Rea 





Bureau of mines 
RESUEROE LATION satelite 3 5 cd Oe eccy es Gl tren Ble Sal lc Sea (ae OLS oat eee aos ee, Se el Faisal age deere eee ete 
Commercial plants. . | 





a Two samples only. 
b Tests indicate this figure to be approximately 115. 
c Figures represent two plants burning crude oil. 


CUBIC FEET OF GAS PER POUND OF FUEL. 


Tabulated data showing the quantity of producer gas available 
from various fuels used in the different types of plants follow: 


Average quantities of gas produced from different fuels in different types of gas producers. 
[Figures represent cubic feet of standard (60° F. and 30 inches of mercury) gas per pound of fuel.] 


UP-DRAFT PLANTS. 





Gas from bituminous 


oa Gas from lignite. Gas from peat. 





Location of gas producer. | As fired. Dry. As fired. Dry. As fired. rye 





Aver-|Maxi-| A ver-| Maxi-| Aver-| Maxi-) Aver-) Maxi-| Aver-| Maxi-) Aver-| Maxi- 
age. |mum.| age. |mum.| age. |mum.| age. |mum.| age. |mum.| age. |mum. 











Bureau of mines testing 
Stine met et cease em eee 61 101 65 | 104 36 46 46 Dom et. OO eee @ 38a |e cer 



































SEADION suet eee ee eet 65 80 68 82 36 44 52 61 | 529 | 531 | 640 b44 
Commercial plants....:..-- 79 SOG ee esse te eeprcesl Cerepeate cceecae rcilaieeta Ua ata rc fi cipere elle rerate cate eames 
a One sample only. b Two samples only. 
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ie 
TIME BETWEEN FUEL CHARGES AND WEIGHT OF FUEL CHARGES. — 
a 





Figures showing the time between fuel charges and the weight of _ 


fuel charges in the various types of plants follow: 


Time between fuel charges and weight of fuel charges in different types of gas producers. 
UP-DRAFT PLANTS. 


PLANTS BURNING ANTHRACITE COAL. 





Horsepower| Average | Length of | Time be- Weight of 





Plant No. of each gas | fuel burned| service per | tween fuel 
generator. | per hour. day. charges, fuel charge. 
Pounds. Hours. Hours. Pounds. 

GRR Ca 8 rns Fe ees, bode Oe cen ae 150 she enero ee 24 1to6 200 
OM PAU a cee UEMUrea Neen en Sih Gaeie PR Zh ia ae 160 160 24 5 200 to 600 
SF Pe Se ee RU a De Ae a ea ee Si cm siy kia, 2h Lo he oe 250 Hel eee oe 3 to 7 2 400 
U1 SSIING Loh sR oe ak ORS BRL ei ana es ats, Be 300 190 11 24 ~=—‘|1,800 to 2,400 
CRAMER TSIEN CN Tege TIMI ES He tee 300 300 24 6 {1,000 to 1,500 
Bot eget aie yee SLs Eee ee ae AL dR RE Path ee 300 200 10 10 2, 000 
bh pe ieee ines aed SEY ay othe UB eel, ey Bia oie 545 (haa tetra eee eee 5 to 24 oO 175 








ISTP ONAL See Rattan, cody eee eI 200 190 24 1 165 
7h et sap ort imine tae 200 165 10 5 80 
Pre ers cake Fe Age Se 250 ra eee eee 4 1, 500 
Sgiee Me canta tees (wis) Je eS eee 250 215 i4 75 250 
BO ee ek ocre ta teee cies See eae ne ee ee eee 370 300 24 ma f/ 100 
De ioe She dee tae oa { ie 7S 10 13 100 
, 
OU cata Rceeee epee Ryerss ae 4 2) 500 2, 750 24 2.5 7,000 





PLANTS BURNING LIGNITE. 





A Sacciene Wed capinea sen eee Se omens os eer eie 100 225 8 2 500 to 800 
{RECS eRe ABRAM arian, oder Sen eSsaa ee 100 175 11 1 175 
DD Sosa soy ee Soe oes Sat so eerie sae axe ee LOO. ees ce sess 14 2to3 200 to 300 
DV AER EE er Sheen whe eee nee > wei Saettee 250 570 24 33 190 
Goiecrprsiaih ts Vaagtafee eae meee sce a as ae 300 350 24 2to3 . 900 


PLANT BURNING WOOD. 














200 : 
D6 ar in MAN e KL ee { ay \ St Oe | ou | 0.5 | 280 
DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 
BG dcp ecclesia UR Sree en ae 90) dices okies 24 0.5 110 
DP IAL ik Boal: eel ee eee 250 295 10 25 50 
BB den at ee, ee, ee ee 250 300 10 17 50 
375 
FERRIS Oh AN I> eet MOS Ct | { a 625 24 17 100 
Wie Reel rer een 2 hss ed 800 1, 200 24 a5 ie). ee 
FS LENO CRE IB" ONS” 1, 500 1” 400 24 01. 2 
DOUBLE-ZONE PLANTS. 
PLANT BURNING BITUMINOUS COAL. 
Bare! Pee ere Oc eae | 250 | 310 | 24| 101.5 | 700 








| 


ie fe eee 
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TIME BETWEEN POKINGS OF FUEL BED. 
Tabulated data showing the time between pokings of the fuel 


bed in the various types of plants are presented below: 


Time between pokings of fuel bed in different types of gas producers. 


UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 


nee: 
imate ime 
Plant No. eae st naagente hans BY between 
4 * |fuel burne pokings. 
per hour. 



































ema ent ee Ye Bn 23.7 2 165 10 

Meigen SO fre ee eels es 25.0 3 190 33 
MT Urs ces Gee ee) ae Pale 40.0 2.5 340 4 
RES re see ee Rae aie rie weet 50.0 1.75 435 75 
Pe ese Siam i aes 3 33.1 4 450 1 
Ce Oa ee ee es ete es, BSE Piaiees tie 215 2 

Rta 2) > 2 2s grea Dh = tm RON Oe hg 70.9 3 500 
Ree Sf a aE 2 Spr, eee yee Yat 78.0 1.75 680 75 
PM Ae ig. sy cae Wm, ch oe ce me 210 6.5 2, 750 12 

PLANTS BURNING LIGNITE. 
a ESE RS eee oe an) a ion 2 ee oR ae 1 
EAC Te rR CEREN eee E ee eee i75 12 
MWR SE ec et gs en Sete ek 19.6 2 295 2 
MEE i ye Se ne ele ee ae ae, 38.5 1.5 570 12 
PLANTS BURNING WOOD. 
oR ida Ss 2, re aR Re re Sst) iar ates 50.3 8 605 0.25 
Mis ad leg tat net Se ete ea yak et 50.3 7 725 16 
DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 

RR SN a ee. Saiz, eaten Gly BERR ce 5 220 1 
Dae a et sve oe | i74 5 250 a) 

DN RGN CON ia.) ee | 17.4 6 295 B tot 
ESI ac Ft aN 20. 4 12 300 3 
IE Mette oy ia Tait as 36.0 8. 5 1,200 (2) 

MPU itd Oi gee CT eS 60.0 9 1, 400 a 


DOUBLE-ZONE PLANTS. 
PLANT BURNING BITUMINOUS COAL. 


EN ete eee eels oF seen is a te clam naaloes oes | 29.3 | 12 | 310 | 1 





PLANT BURNING LIGNITE. 











a Not poked. 
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TROUBLE FROM HOLES AND CHANNELS IN FUEL. 


Data supplied by owners or operators regarding trouble from 
holes and channels in the fuel bed in the various types of plants are 
presented below. The numbers preceding each paragraph refer to 
plant numbers assigned by the author: 


Data regarding holes and channels in full bed. 
UP-DRAFT PLANTS. 
Plants burning anthracite coal. 


1. Causes back-firing trouble. 
6. Little trouble from holes and channels. 
9. Little trouble, because we use sufficient producer capacity. 
14. Not serious. Holes easily closed. 
16. Considerable stoking required at times. 
19. Notrouble. 
20. Permit gas to burn in producer. 
32. Shut the engine down. 
34. Make weak gas. 
36. No trouble. 


Plants burning bituminous coal. 


3. Cause poor gas and clinker. 
5. Little trouble. 
12. No trouble when producers have proper attention. 
17. No trouble. 
21. Cause much trouble. 
25. No trouble. 
33. Not appreciable. 
37. Cause weak gas. 
39. Serious. Necessitating laborious work to keep the fire even throughout the bed. 


Plants burning lignite. 


4, Occasional, but never serious. 
7. Destroys gas. 
11. No trouble. Dropping fuel on fire keeps it down. 
38. Very little. Never have this trouble, as little work keeps the fuel bed in 
fine shape. 


Plants burning wood. 


13. Permit unfixed oxygen to reach top of fuel bed, causing burning. 
26. Notrouble. ~ 


DOWN-DRAFT PLANTS. 


Plants burning bituminous coal. 

8. No trouble. 
20. Permits gas to burn in producer. 
22. No trouble. 
23. Do not let them occur. 
24. Readily noticeable on recording calorimeter. Believed to have affected 

results seriously. 

27. Fire must be closely watched and fuel charged lightly. 
28. No trouble. 
29. Considerable. At times had to shut plant down. 
35. No trouble. 


DOUBLE-ZONE PLANTS. 


_ Plants burning bituminous coal. 
Quite serious. 
No trouble. 


CO bo 
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METHODS OF OVERCOMING VARIATIONS IN QUALITY OF GAS. 


Data supplied by owners or operators regarding methods of over- 
coming variations in the quality of the gas yielded by the various 
types of gas producers follow: 


Data regarding methods used for overcoming variations in gas quality in vartous types of 
gas producers. 


UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 


Plant | Horsepower ofeach| Remarks of owner or operator regarding methods used to overcome varia- 











No. gas generator. tions in quality of gas. 
ae 75 | None. 
see 150 | Variation of steam feed. 
Meee s 160 | None. 
0 200 | Suction producer, none; pressure producer, gasometer. 
SE eee 250 | Change setting of mixing valve on engine. 
NOS oui 300 | Automatic vapor control and proper cleaning methods. 
te aes 300 | Automatically controlling steam supply to producer. 
ia os ae 400 | Producer automatically regulated. 


PLANTS BURNING BITUMINOUS COAL. 


Bees. 200 | Gas holder. 

Bie at <6 200 | By keeping fires regular gas quality varies but very little. 
ile Asa 250 | None. 

2 250 Do. 

Os a Se 370 | None, except best possible attention to producer fuel bed. 
ene oe 300, 400 | Hand regulation of air temperature admitted to ash bed. 
AB 650, 1,000 | None, except to reprimand gasmen. 

53 1,000 | Keep bed tight, uniform, and free from air pockets. 
ee 200, 300, 2,500 | Gas quality checked by recording calorimeter. 


PLANTS BURNING LIGNITE. 


is i ae 100 | Change mixture at engine. 

ooelaae 100 | Adjustment of levers. 

Pepe 100 | More or less free air. 

He Sos 250 | Mixing valves on engines. Gas constant except when cleaning fires. 
Set, Sekt 300 | None. Little variation. 


PLANT BURNING WOOD. 


gee, 25 | 200, 280 | None. 


DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 





74) aa 200 | Close attention to fire. 

ae 250 | Keep fires and scrubbers clean. 

ae 375, 500 | 20,000-cubic foot gas holder. 

7 ae 500 | None, except with fires in generators and mixing in gas holders. 
oe 800 | Water gas run to regulate temperature of fires. 

VA aan 1,500 | None other than holder. 

Dae =< 1,500 | Mixture of gas from different producers. Careful watching of fires. 








DOUBLE-ZONE PLANTS. 
PLANT BURNING BITUMINOUS COAL. 


SNe co | 250 | None. 
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Data regarding methods used for overcoming variations in gas quality in various types oj 
gas producers—Continued. 


DOUBLE-ZONE PLANTS—Continued. 
PLANT BURNING LIGNITE. 


Plant | Horsepower ofeach | Remarks of owner or operator regarding methods used to overcome varia- 
No. gas generator. tions in quality of gas. 








Lae ee 200 | Change mixing valves on engine. 





OIL-GAS PLANT. 
PLANT BURNING CRUDE OIL. 








LQ. #re22 400 | Variations so slight that governor handles them easily. 


METHODS OF CLEANING GAS GENERATORS. 


The owners and operators of producer-gas plants were asked to 
describe briefly their method of cleaning the gas generator; they 
were requested to state the time and the number of men required 
for cleaning each unit. Brief abstracts of the replies received are 
tabulated below. 


Data regarding methods of cleaning gas generators in various types of producer-gas plants. 
UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE. 











Horse- Total 
Plant | power of horse- Remarks of owner or operator regarding methods used to clean gas 
No. each gas power of generator. 
generator. plant. 

JA erenes 75 150 | Coal and ash pulled through doors above grate; clinkers removed from 
walls by bar through poke hole; 3 hours’ time of 1 man. 

Gasesos: 150 450 | Half close valve between producer and gas main; remove all ashes be- 
tween grates and fire with hoe and poker; poke fire down and add 
fresh fuel; 1 hour’s time of 1 man. 

Orson: 160 640 | Draw ash and clinker, allowing fire to settle down to grate; one-half 
hour’s time of 1 man. 

3 sux 250 500 | After shutting down at 6 p. m., ashes raked out at water seal; 1 hour’s 
time of 1 man. 

190s 300 300 | Ash removed from center of fire by rocking grate operated by com- 
pressed-air cylinder; fine ash is barred from lining and raked out; 
2 hours’ time of 1 man. 

Betas 300 300 | Bar lining; shake grate; 1 hour’s time of 1 man. 

3 alee eee 350 700 | Raked out from bottom; 2 to 3 hours’ time of 2 men. 

i oy Ree ges 400 400 | Ash is taken out at two intervals in 24 hours; 1 to 2 hours’ time of 1 man. 








PLANTS BURNING BITUMINOUS COAL. 





Bee 200 400 | Air and steam cut off for a couple of days; ash and coal removed through 
water seal; 3 hours’ time of 1 man. 
Sian 200 400 | All free ash isremoved from bed, leaving fire bridged; bed is then broken 
down and producer filled; 14 hours’ time of 2 men. 
Lies 250 500 | Shaking the grates and pulling the ashes; three-fourths of. an hour’s — 
time of 1 man. 
BU ete 370 1,100 | Remove sufficient ash from water seal to let bed down to normal level; 


work loose bed down to new level with poke bars; break clinkers off 
walls and smash fine with chisel bars and heavy hammers; 12 hours’ 
time of 3 men is the minimum. 


Diane 300 1,400 | (a) Clean by hand-operated rotary table; (b) clean by air-driven 
400 shaking grate; 5 minutes’ time of 1 man; clean when running. 
YA er nape 650, 1, 000 3,650 | Not much of this to do. : 
se Seer 1,000 4,000 | Draw ashes till bed drops 1 foot; poke fire till solid; 14 hours’ time of 1 
man. 


ae 2, 500 2,500 | Twenty minutes to 1 hour’s time of 1 man. 





aa, 
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_ Dataregarding methods of cleaning gas generators in various types of producer-gas plants— 


Continued. 


UP-DRAFT PLANTS—Continued. 
PLANTS BURNING LIGNITE. 





Horse- Total 
Plant | power of horse- Remarks of owner or operator regarding methods used to clean gas 
No. each gas | power of generator. 


generator. plant. 





aes... 100 100 | Burn low; rake and clean everything out; 6 hours’ time of 2 men. 

pistes =~ 100 100 | If run 3 days, 24 hours per day, take out everything; if run 14 hours a 
day, clean every day; for 3 days’ run, 3 hours’ time of 1 man. 

oh eee 250 500 | Bar fires, and take out ashes, working around producer several times 


to prevent fire dropping; if gas becomes weak, stop a while; 14 hours’ 
time of 2 men. 


meas:...:. 300 300 | Run fuel bed down till 3 or 4 feet deep; open hoppers and all poke holes 


and draw out fire below; fire is kindled by layer of shavings and fine 
wood on grates about 12 inches deep; cover with layer of 4 inches of 
good dry coal; after well lighted, fill with coal; close hoppers and poke 
holes, starting gas washer for draft; 10 hours’ time of 2 or 3 men. 


PLANTS BURNING WOOD. 


iS a 150 150 | Producer cleaned daily by removal of ashes; scrubber pit cleaned every 
hour or so to avoid tar clogging the main; work done by 1 man. 
2 ae 200, 280 1,040 | Beds lowered by removing ash once a month through water seal; 3 


hours’ time of 2 men. 


DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 





Doe <= 3! 200 200 | Dig out from bottom and punch down from top; 15 minutes’ time of 1 
man. ; 
2 ses 250 500 | Let producer stand from Saturday till Monday; spray fire with water 


on top for 15 minutes; let stand for 1 hour; clean everything out; 
recharge with 2,000 pounds of coke; 10 hours’ time of 2 men. 


ieee 250 1,000 | Fuel and ash are cleaned out every 2 weeks and new fires started; 4 
hours’ time of 6 men. 

aa 375,500 1,750 | Clinker sometimes very hard and must be broken with bar from above; 
6 to 10 hours’ time of 8 men for each pair of producers. 

1S ae 500 500 | All ash, refuse, and clinkers removed; 5 hours’ time of 3 men. 

Se 800 3,200 | Set is cut out; cooled with water; ashes removed; clinker cut down; 8 
hours’ time of 4 men. 

15) ae 1,500 6,000 | Water sprayed through charging door directly after run till fire is cooled; 
coke withdrawn; ashes follow; 4 men, 3 days, 10 hours each. 

2 ae 1,500 9,000 | Power-gas producer: Put fire out; remove clinker, coke, and ash; 2 to 4 


days’ time of 3 to 5 men. Heating-gas producer: Throw fire to one 
side; clean grate; throw fire back; repeat for other side; 1 to 2 hours’ 
time of 1 man. 





DOUBLE-ZONE PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 


64I<III EEE ok anaes : 


1 eee 250 250 | Not necessary to shut down to clean. 
500 500 | See procedure under “‘ Down-draft plants.” 


nS 


OIL-GAS PLANT. 
PLANT BURNING CRUDE OIL. 


Coane eee eee eee eee ee eee ee ee EEE EEEEENESEEESiaTEEEEEEEEEEEEEEEEEEEEmeamaser 


hae, cgagd k= ae le nt Dee eee ts eae ae Raise stack valve, shut off blower, remove coke, close door, turn on 
blast, adjust oil, and lower stack; 10 minutes’ time of 1 man. 


ee 0s De ee ee ee 


38 OPERATING DETAILS OF GAS PRODUCERS. 


SERIOUS CLEANING TROUBLES. 


- Data furnished by owners and operators regarding cleaning troubles 
in the different types of gas producers are presented in the tabulation 
following: ‘ 


Data regarding cleaning troubles in various types of gas producers. 


UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 


Plant Horsepower] Total horse- 





of each gas} power of Remarks of owner or operator regarding cleaning troubles. 
generator. plant. 

14054 75 150 | None. 

Gt eae 150 450 | None. Only care is to guard against too much intake air. 

Ose 160 640 | Not to allow ashes and clinker to work up along walls. 

BQO 250 500 | None. 

19 2 ee 300 300 | None. 

Nie 4 400 400 | Taking out too many ashes, allowing bed to drop too low. 





PLANTS BURNING BITUMINOUS COAL. 


By aee ee 200 400 | Little trouble. If bed hangs it may burn man in falling. 

Obi slecade 200 400 | Occasional difficulty in breaking down the bridge; then must drive the 
bar through with the sledge. 

30 eae 370 1,100 | Impossibilit ea of properly breaking up and settling clinker so as to main- 
tain even 

boweces: 1,000 4,000 | None. 

2 eee 2, 500 2,500 | None. 


PLANTS BURNING LIGNITE. 


Lb ceaaee 100 100 | Clinker. 
Le 250 500 | None unless fire is allowed to drop. 
suerte & 300 300 | None. Same lining in producer for 5 years. Cleaning out hard mixture 


of tar and ash deposit in gas collector and scrubber inlet pipe is dirty 
work and takes a little time. 


PLANTS BURNING WOOD. 





IBS. 150 150 | Filling of gas main by tar. Thisis burned out occasionally. To be done 
away with by improved gas cleaner. 
2osrAre 200, 280 1,040 | Tar. 








DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 











DO ee. 200 200 | Poor gas and sometimes trouble with clinkers. 

Desens 250 500 | Producer can not be cleaned while running. 

Seer 250 1,000 | Heat and dirt. 

DS reas 375, 500 1,750 | Hard clinker. 

PUPS esis ses 500 500 | Chopping down clinker. 

Seeceere 800 3,200 | None. 

3 eee 1, 500 6,000 | None. 

PL Se 1, 500 9,000 | Hard clinker. Loss of coke and thin fire to start next run. 





DOUBLE-ZONE PLANT. 
PLANT BURNING BITUMINOUS COAL. 








Ser msee | 500 | 500 | None. \ 


OIL-GAS PLANT. 


PLANT BURNING CRUDE OIL. 
The rapidity with which generator must becleaned. Reserve gassupply 


yee ae ieee Wo, eae : 
d 





limited. 





— 
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‘TIME BETWEEN PERIODS OF DRAWING PRODUCER FIRES. 


The following tabulation gives data regarding time between periods 
of drawing producer fires in the various types of gas producers: 


Data regarding time between periods of drawing producer jires in various types of gas 
producers. 


UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 


















































ean | See ae | Sie ae ese a | Every 8 hours. 


—_ 





Plant ere ee fees Remarks of owner or operator regarding time between periods of 
No. generator. | _ of plant. drawing producer fires. 
Bid ee aS fo 150 | 20 days. 
Bere 200 AS bi eecsers: 45 days. 

Boos sas 250 500 | Present fire, 8 months; previous fire, 4 years. 
Ci ie 300 300 | Once a year. bad 
Oe: . 300 300 | Indefinite. 

AS oe. 350 700 | 14 days. One producer each week. 
JS ae 400 400 | Not drawn. 
PLANTS BURNING BITUMINOUS COAL, 
Ae 200 400 | 365 days. 
Bie aicte 2 200 400 | 10 days. 
Bytes eos 250-2 enc oe eSeSs 2 days. 
oltaarge 2 370 1,100 | Fires not drawn except for repairs. 

pois. oe. 650, 1, 000 3,650 | 12 months. 

eee. 2% 1, 000 4,000 | Every third day. 
2) ae ae 2, 500 2,500 | 6 months to 1 year. 
PLANT BURNING LIGNITE. 

‘roe 100 100 | 120 days. 
Dee ionis 300 300 | About once a year. 

PLANT BURNING WOOD. 
Be ead | 200, 280 | 1,040 | 3 months or more. 

DOWN-DRAFT PLANTS. 

PLANTS BURNING BITUMINOUS COAL. 
Boe e a: 200 200 | 3 months. 
Po. = PAs Oia ese eae ose 45 days. 
7 eee 250 500 | 6days; necessary to cut unit out when coke is 80 to 90 per cent burned 
out and producer badly clinkered. 

MORE s- < 250 1,000 | 12 days. 
aor 375, 500 1,750 | 14 days. 
22 500 500 | Weekly. 
oo eit 800 8,200 | 10 to 15 days. 
ee 1, 500 6,000 | 13 to 17 days. 
ae 1, 500 9,000 | 15 to 21 days. 

DOUBLE-ZONE PLANTS. 

PLANTS BURNING BITUMINOUS COAL. 
2 ae 250 250 | Do not draw fires. 
cis Sere 500 500 | 10 to 15 days. 
PLANT BURNING LIGNITE. 

eS | 200 | Se oe | 2 years 





OIL-GAS PLANT. 
PLANT BURNING CRUDE OIL. 
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METHODS OF SCRUBBING AND CLEANING GAS. 


Data suppled by owners and operators regarding methods of 
scrubbing and cleaning the gas in the various types of gas producers 
follow. } 


Data regarding methods of scrubbing and cleaning gas in various types of gas producers. 


UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE. 











Horse- 
ae tae Replies from owners or operators. 
generator. 
Gees 150 | Counter flow wet coke tower scrubber and excelsior dry scrubber. 
72 LRU cat 200 | Coke. 
BY a oo 250 | Water spray dripped through coke. 
9 See 300 | Static washer. 
BE Ie ays 300 | Staticscrubber. Centrifugal tar extractor. 
Lepeian 350 | Wood cross sections through which water flows. 
LO sree 400 | Coke between 1 and 2 inches with water sprays. 
PLANTS BURNING BITUMINOUS COAL. 
Danas 200 | Latticed spray scrubbers, rotary tar extractors and purifiers. 
By Reese 200 | Rotary water-jet scrubber. 
ny eee 250 | Smith type ‘‘ F”’ tar extractors connected in series. 
BO ewes 250 | Preliminary wet scrubber, counter current. Rotary scrubber and dry scrubber. 
Bi eaeres 370 | Cooled in first pass of wet scrubber, passed through wooden checker work which is 
sprayed with water. Passed through centrifugal tar extractor to holder. 
Dinar 300, 400 | Cooling, spraying, and tar extracting. Wood centrifugal tar extractor on one plant 
and Smith static tar extractor on the other. 
Dee ae 650, 1,000 | Saaler washers. Four coolers with water spray. No filling in coolers. 
Lone 1,000 | Buffalo scrubber. No dry scrubber used. Gas for heating purposes and not for 
engines. | 
200 
ees 300 |;Smith type ‘‘ F”’ spun-glass tar extractors. 
2,500 
PLANTS BURNING LIGNITE. 
7 100 | Cooling with water and passing through mechanical scrubber. 
2 beer 250 | Gas passes through baffles of 2-inch by 4-inch timbers placed on edge, set close 
together, 14feet high. Fourstreams of water flusheachscrubber. Gas then passes 
through tar extractor. 
Boe 300 | Spray scrubber and mechanical gas washer (tar extractor). 
PLANTS BURNING WOOD. 
ote een | 200, 280 | Static scrubber, centrifugal tar extractor. 
DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 
OO orcs: 200 | Cooled with water spray. Passed through coke with water running over it and 
down through 6 or 8 feet of straw. j 
PR aeee 250 | Scrubbers, 28 inches in diameter by 14 feet, each with seven water sprays. Each 
exhauster has 16 sprays, throwing water at 40 pounds’ pressure against first im- 
peller running at 3,500 revolutions per minute. 
Bi pe 250 | Passed through wet and dry scrubber, coke and excelsior. 
St 375, 500 | Passed through wet scrubber and then exhauster and dry scrubber. One wet scrub- 
ber filled with excelsior, other withcoke. Both dryscrubbers filled with excelsior. 
Dobe sae 500 | Cooling in boiler, wet scrubber and dry scrubber. 
SRatees 800 | Static wet scrubbers with water sprays, dry scrubber with excelsior. 
Do Nee 1,500 | Gas runs down center of cooler through spray, up inside of shell, through sprays and 
through a rotary scrubber. 
yee 1,500 | Plant A—through vertical boiler, spray cooler,and centrifugalscrubber. Plant B— 


gas is not clean except from one producer. Special use. Cooled centrifugal tar 
scrubber and dry cleaner. 





ar ee 


TIME BETWEEN RENEWALS OF SCRUBBER MATERIAL. 4l 
Data regarding methods of scrubbing and cleaning gas in various types of gas producers— 
Continued. 


DOUBLE-ZONE PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 





Horse- 
Plant | power of 


No each gas - Replies from owners or operators. 




















generator. 
pee 250 | Wet scrubber. 
2 eae 500 | Static wet scrubber with water sprays. Dry scrubber with excelsior. 
PLANT BURNING LIGNITE. 
Paes ec | 200 | Water spray. 
OIL-GAS PLANTS. 
PLANTS BURNING CRUDE OIL 
es ae 400 | Staticscrubber filled with baffles cleaning gas to about 13 grains per cubic foot. Buf- 


falo Forge centrifugal scrubber cleaning to about 0.02 grain per cubic foot. Used 2 
years without sign of need of change. 

SS eel eee ee elas Gas is forced through three turns, 10 inches by 18 feet, against a gravity flow of water 
running over baffle plates. 


TIME BETWEEN RENEWALS OF SCRUBBER MATERIAL. 


The owners and operators questioned furnished little information 
relating to the time between changes in the scrubber material used 
in the producer-gas installations. The few plants that reported 
indicated the periods to be as follows: 


Time between renewals of scrubber material in various types of producer-gas plants. 
Up-DRAFT PLANTS. 


Plants burning anthracite coal. 
Time between 


Plant renewals of scrubber 
No. i. material, months. 
Deel cp ee Se FL D2 Bes Cat 4 ee seer D oN to Sin Lech Bah cysts 12 
dioptric alte Ae a as MEER, RR 2 PP 12 
EEF IR Rie oreo cage a oiitgin iota De aeenacl ta i 24 to 36 

es eae b 3to 6 
See FRE ea ee an wl ahr it aig Ae meee ad seid oe a ina Sa Oe alee 6 
BENT Mey PRE SR RA AEDs BIG OER RR Ee en 48 

Plants burning bituminous coal. 
Fe fas igh ik yc Eyer Bye oes geen ped ea pat A SO a aad 7 SN aR RY 8 
ee eT ee te see Pt en a ig Soe Sin x cae 3 ao eS 20d 
Ne Mane NN I at ENS wh mah wpa ah SS = ee Satin wns 4 ah 2 3 


a Coke. b Excelsior. 
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DOWN-DRAFT PLANTS. 


Plants burning bituminous coal. 
Time between 
renewals of scrubber 
material, months. 


bh ee oe niet PE OPS Bowes BE ee etre ee ee 6 to 12 


b Excelsior. d Bottom. 


OPINIONS REGARDING SCRUBBING AND CLEANING RESULTS. 


The various owners and operators were asked whether the scrub- 
bing and cleaning results in their producers were satisfactory, and if 
not, why. The data obtained on this point are presented below: 


Data regarding satisfactoriness of scrubbing and cleaning results in various types of gas 


producers. 


UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE. 




















Plant paper ee Remarks of owner or operator regarding satisfactoriness of scrubbing and cleaning 
N generator. results. 
Ooo 150 | Satisfactory. 
Qtek 160 Do. 
PAS aS 200 Do. 
Speer 250 Do. 
SA ee 250 Do. 
19M ee 300 Do. 
SOS et 300 Do. 
1 cleoleteted 350 | Fairly. 
LG eer 400 | Satisfactory. 
PLANTS BURNING BITUMINOUS COAL. 
Coen 200 | Satisfactory. 
Shae 200 | Very satisfactory. 
oe eee 250 | Not satisfactory. Considerable tar remains in gas and clogs engine valves. 
Shes aes 370 | As satisfactory as ever observed in pressure up-draft producer using bituminous coal. 
De sees 300,400 | Satisfactory. 
PAS See 650,1,000 | Does very well, though gas carries tar after cleaning. 
eee 1,000 | For heating purposes; not for gas engines. 
200 
1 Dicer 3 300 |}Entirely satisfactory. 
2,500 
PLANTS BURNING LIGNITE. 
there, } 100 | Satisfactory. 
Wat eee 100 Do. 
11 ee 250 | Satisfactory. Tar gives no trouble whatever in engine. 
Cite ete ayes 300 | Satisfactory. Except occasional cleaning each 3 to 4 months. Tar is of soft paraffin 
nature, but contains a resinal substance, and when dry is hard to remove. 
PLANTS BURNING WOOD. 
13 eee 150 | Not satisfactory. Are preparing more complete arrangements to recover acids and 
tars for utilization and for elimination of condensed matter in gas mains. 

ZO Seer 200,280 | Not satisfactory. On account of moisture and tar. 








Se 
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Data regarding satisfactoriness of scrubbing and cleaning results in various types of gas 
producers—Continued. 


DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 





Horsepower ; . “2 nee : . 
Plant | of ee gas Remarks of owner or operator regarding satisfactoriness of scrubbing and cleaning 





generator. results. 
Caan 200 | Reasonably satisfactory. Slight trouble from tar. 
ie t= = 250 | Does not remove lampblack. 
Bo rac.< 2. 250 | Not satisfactory. Considerable dirt and dust get by. 
23 375,500 | Pipes have to be cleaned out occasionally. 
Paes. 500 | Not entirely satisfactory. Soot and lampblack not completely removed. 
ee 800 | Satisfactory. 
eee 1,500 | Entirely satisfactory. 
B24... 1,500 | Plant A—satisfactory; plant B—new outfit; good so far (5 months). 


DOUBLE-ZONE PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 























eens. 2s 250 | Not satisfactory. Does not remove tar. 
Re eic sc 500 | Satisfactory. 
PLANT BURNING LIGNITE. 
Beer. | 200 | Satisfactory. 
OIL-GAS PLANTS. 
PLANTS BURNING CRUDE OIL. 
Le A. 400 | No tar. 
20 otal SSeS Not satisfactory. Very difficult to get out the floating carbon. 





MANNER IN WHICH TAR GIVES TROUBLE. 


Data obtained from the operators and owners in response to a 
query as to the way in which tar gave trouble are presented in the 
tabulation following: 


Data regarding tar troubles in various types of gas producers. 


UP-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 








Horse- 
Sal Shean Statement of owner or operator regarding tar troubles. 
generator. 
oy .=eeee 200 | No operating trouble. 
en 200 | Clogs-the governor valve on engine. 
Revco cc's 250 | Choking and sticking of engine valve. 
ere o : 370 | Clogs mains, fitings, engine regulators, and inlet valve passages. Frequent cleaning 
of all gas piping required. 
Piece... 300, 400 | No trouble. 7 
2 650, 1,000 | Mostin gashouseinhandling. Havelittle trouble where gas is used. 
Bee.” 1,000 | Chokes pipes between cooling tower and washers. 


200 
Poe 300 |+No trouble at all. 
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Data regarding tar troubles in various types of gas producers—Continued. 
UP-DRAFT PLANTS—Continued. 
PLANTS BURNING LIGNITE. 
Horse- 
ee Peles Statement of owner or operator regarding tar troubles. 
generator 

fel 100 |} No serious trouble. 

Uy We ge 250 | No trouble at all. 

Cte ese: 300 } No trouble with any part of engine except governor valve chamber and mixing valve 
chamber. Must be cleaned every 3 months. 

PLANTS BURNING WOOD. 
TE ia ieee 150 | Clogging mains. 
26) ae 200, 280 | In long gas lines to engine and admission valves. 
DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 

20 Seana 200 | Makes engine valve stick and causes some trouble in exhauster. 

Zlatan 250 | Produced only when starting new fire. Clogs ports in exhauster. 

Sa eee 250 | Clogs scrubbers. 

DSc ely 375, 500 | No trouble. 

Suskes: 800 Do. 

awe ean 1, 500 Do. 

DATE 1,500 | Labor for cleaning water seal, stopping sprays in cooler and scrubber. Smallamount 
collects at btrners in few months, interfering with the seating of mushroom valves 
on the line. 

DOUBLE-ZONE PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 
2 ae 250 | Sticking intake valves. 
Banca 500 | No trouble. 
PLANT BURNING LIGNITE. 
Slee ce 200 | On valves of engines. 
OIL-GAS PLANT. 
PLANT BURNING CRUDE OIL. 
Causes throttle, poppet, and inlet valves and stack to choke. 


D0 coset | sebeeeemine ste 
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TROUBLE CAUSED BY LAMPBLACK. 


Data supplied by owners and operators regarding trouble caused 
by lampblack follow: 
Data regarding trouble from lampblack in various types of producers. 


UP-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 





Horsepower of 








a each gas Remarks of owner or operator regarding trouble caused by lampblack. 
: generator. 

aces -- 200 | Stops water outlet in spray scrubbers. 

2) ai 200 | By collecting in and reducing area of gas mains. 

oes... 250 | Lampblack mixing with tar. ~ 

nae 370 | No trouble observed. If any, it is mixed with tar. 
eeD...--- 300,400 | Notrouble. | 

mies... 650, 1,000 | Choking flues in producers and coolers. 

ees. «= 200, 300, 2,500 | No trouble. 





DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 





Pee.» 250 | Mixes with oil and gums engine valves. 
Beier ss = - 250 | Clogs scrubbers. 
es tee 375, 500 | Deposits in pipes. f : 
a 500 | In engine cylinder. Deposits on inlet valves. 
| sssdaase 800 } No trouble. 
4. ..... ee 51,500 Do. 


DOUBLE-ZONE PLANT. 
PLANT BURNING BITUMINOUS COAL. 





* 35a | 800 | No trouble. 


OIL-GAS PLANTS. 
PLANTS BURNING CRUDE OIL. 
a... 400 | Gradually chokes gas line and soots up gas valves. Requires cleaning every 


6 months; 10-hour job. 4 
7 LS aii kee Clogs gas main. Works by piston rings and mixes with lubricating oil. 
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RELATION OF TAR OR LAMPBLACK IN ENGINE TO COST OF LUBRI- 
CATION. 


In response to a query as to whether the cost of engine lubrication 
is materially increased by the presence of tar or lampblack in the 
engine, the following information was supplied: 


Data regarding relation of lampblack in gas-producer engine to cost of lubrication. 


UP-DRAFT PLANTS. 
PLANT BURNING ANTHRACITE COAL. 





Plant Horsepewer of Remarks of owner or operator in response to the query: ‘“‘Is the cost of 


each regan’ engine lubrication increased by the presence of tar or lampblack?”” 





Oars 160 | No. 





PLANTS BURNING BITUMINOUS COAL. 


i 


Biase 200 | No. 

Se eae 250 | Yes. : 
39.2...-: 370 | Not determined. 
Ps resale 300, 400 | No. 

Vale aco! 650, 1,000 | Not greatly. 
Beaman s 1,000 | Yes. 





PLANT BURNING LIGNITE. 


a eo 


4ereiiee | 100 | No. 


- 





PLANT BURNING WOOD. 





B65.) | 200, 280 | Yes. 





DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 





2030. ce 200 | No. 
Qo cose 500 | Not materially. 
Seceus 800 | No. 
ae Ne 1,500 | Yes. 
Pep eaeink 1,500 | Think not. 
PLANT BURNING LIGNITE. 
ee aa a 
Sosa ee | 300 | No. No lampblack ever seen. 





DOUBLE-ZONE PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 





PLANT BURNING LIGNITE. 








55 ee | 200 | Yes. 
mL 
OIL-GAS PLANTS. 
PLANTS BURNING CRUDE OIL. 
es ee ee ey ES 
105225 = 400 | No. 3 
BO ce eS Potts os eee No. Use cheap oil. 








RES at 6 eee 
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BURNER TROUBLE CAUSED BY TAR AND LAMPBLACK. 


Data supplied by owners and operators regarding trouble from 
tar or lampblack clogging the gas burners in the various types of gas 
producers follow; the number at the beginning of each paragraph 
indicates the plant that supplied the information : 


5. None. 

9. None. 

12. None. 

13. Burner is piece of 8-inch iron pipe; clogged sometimes; cleaned once per 
month. 

17. Latest burner gives no trouble. 

22. None. 


24.. Notrouble. Remove some lump tar from burners about once each two months. 
25. Gas so cleaned that no trouble is experienced. 


30. None. 

im 32. None. 
30. Burners clog. 
38. None. 


TROUBLE FROM SULPHUR IN PRODUCER GAS. 
Data regarding trouble from sulphur in producer gas as experi- 
enced by the various owners and operators follow: 


Data regarding trouble from sulphur in gas of various types of gas producers. 


UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 


Plant Horsepower 

















is ofeach gas Replies from owners or operators. 
: generator. 
ie9....... 160 | None. 
: Ueto =e 200 Do. 
| ae 300 | Trouble; by clogging passages where velocity of flow is changed and by eating 
out sheet-steel parts. 
| 1 oe 300 | None. 


PLANTS BURNING BITUMINOUS COAL. 


era... 200 | Cuts water-cooled valves. 
liters. 3% 200 | None. 
Vea 250 | When producer has stood over for 20 hours sulphur is noticed by men at furnaces. 
23) ae 300, 400 | None. 
| 650, 1,000 | Trouble. 
Smee t 1,000 | Trouble; causes distress among employees. 
eee ssc 2,500 | Trouble; high sulphur gives unpleasant fumes in factory. 








PLANTS BURNING LIGNITE. 


ihe Saeee 250 | Exhaust valve seats become pitted. 

\ 5 300 | None, except that engine exhaust has deteriorated roof metal work, guy ropes, etc. 
DOWN-DRAFT PLANTS. 
' PLANTS BURNING BITUMINOUS COAL. 

BOE sua << 200 | None. 

ie 250 Do. 

Bosse. 250 Do. 

a 375, 500 Do. 

estes. c 500 | Trouble; acts on valves and pipes, and particularly on exhaust. 
| 800 | No serious trouble. 

ae 1,500 | None. 








: 
| ae 1, 500 Do. 
43186°—Bull. 109—16——4 
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PROPORTION OF SULPHUR ALLOWABLE IN FUEL. 


The owners and operators were asked as to what percentage of 
sulphur could be present in the gas-producer fuel without causing 
inconvenience to the workmen. Summarized data supplied in the 
replies follow: 


Data regarding percentage of sulphur allowable in fuel for producer-gas plants. 


UP-DRAFT PLANTS. 


PLANT BURNING ANTHRACITE COAL. 


Plant piped hh Remarks of owner or operator regarding percentage of sulphur allowable in gas- 











generator, producer fuel. 

1 ese 300 | 1.5 to 1.75 per cent. 

PLANTS BURNING BITUMINOUS COAL. 
Vises ses 250 | 3percent. | 
be aeaoc 250 | 2 per cent. 
Zit ese te 650, 1,000 | Not over 1 per cent. 
Lee ee 2,500 | 1.5 per cent. 

PLANT BURNING LIGNITE. 
38 cee oes 300 | Do not know per cent, but have seen sulphur plainly visible on fuel and had no 
trouble. 
DOUBLE-ZONE PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 
1 per cent has never caused trouble; none higher used. 


500 


2st. 250 
Approximately 1.5 per cent. 





AUXILIARY POWER USED. 


Many producer plants require a small amount of auxiliary power 
for the operation of tar extractors, blowers, pumps, exhausters, air 
compressors, etc. This total auxiliary power varies with the different 
conditions of plant operation and is, as a rule, less for plants operating 
with anthracite coal than for plants using tar-producing fuels. An 
idea of the amount of auxiliary power required may be had from the 
data presented in the table followimg, which shows the amount 
installed and the amount actually used. 


* 
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Auxiliary power used at various producer-gas plants. 


_ UP-DRAFT PLANTS, 

















USS oftotal plant 
(3) SS 
amie Total orsepower 
Plant No. Fuel used. horsepower Bete ete: 
ofplant. | suxiliaries,| Lastalled | Actually 
: in used by 
auxiliaries. | auxiliaries. 
, Per cent. Per cent. 
ees were = ASIN tera: wets secre ete es ee os 300 6.0 2.0 1.3 
OL ee IBIGUIMNINOUS COA] aces eee eos ae 8 Nae 400 4.0 1.0 1.0 
3h) OR Sere ee CL ea a Rei ee ee ele 400 18.0 4.5 3.3 
ee PA THENEACILEG COAL sms emertsac te Pelee ne me ere cern 2 400 15.0 Oa CO; [eee eee eee 
Ue dO ANUS is AS a teclce ee Ae eT a AOS aera 500 25.0 5.0 5.0 
RRB Res svirai-ts PS UULRINIO LS COAlecmere teers eee ce ere 560 30.0 6.0 6.0 
i ees ANLNTACIIO COR ate me eee eae cae eee ar 500 10.0 DAO Meee meee ae 
d 600 15.0 2a5 1.3 
1, 000 17.0 1.7 I 
1,040 70.0 6.7 1.9 
BOE were. = ae BicUmMINOUS COME Hee. nee ee sora 2 1,100 165. 0 15.0 6.2 
Pin a Ee 0 i ie aaa cet aga ue vere es eee 1, 400 113.0 8.0 3.9 
ah ee Anthracitecoals- Joeeo-: eee see 1, 500 10.0 O20 0.7 
10) Soe eeenon IB ILUEMIMOUS COM Lee pee ie aoe ee a 2, 500 65.0 2.6 2. 6 
oot eed Geer CLO ee ert else oe orate ee aaa) 2 4,000 105. 0 2.6 2.0 
SORENTO IR Sa Bis Aoi RR ie RR a Or Cee, Cre oa 4.3 2.8 
DOWN-DRAFT PLANTS. 
Qctre sel LELEINOUS COM we aes ee eee arene DOO! Seren oes [ate & otras 3.0 
Se ten |. ctoctn GOSS Mee a ee Se ly eI ae 250 5.0 2. Os eeereereeee 
a Uae Sean eee GO ee er ee eeien, Soe et oer ee 500 10.0 2.0 2.0 
CLF? ae kala a pial CLO cree ere oe See ne eter 500 48.0 9.5 5.0 
3S. See As aie CO esc Sn Oe ee ee 1, 000 100. 0 10.0 10.0 
Sale’ week eee (510 eee ieehpeh Bes arse emg na tarts el es oe 3, 200 170. 0 4.0 2.9 
Tx peeats Alople ae Na UG paieie es Brerae Gre An Oe nt oka ed ae eine Bae 6, 000 160. 0 2.7 2.0 
eer See Nahe GUC 2 eee Ane eee ont ee eae 9, 000 450. 0 5.0 1.7 
CRSA ON ge sain A AMER ee Rec oe ara Sanna Sticks se cere. Saal kre aeiarts 5.0 3.8 





So much depends on the details of the installation, the number of 
hours of service per week, and the commercial demands regarding 
reliability that there may be little relation between the actual auxiliary 
requirements of different plants. A summary of the data presented in 
the preceding table follows: 


Summary of data regarding auxiliary power used at various producer-gas plants. 


Kind of plant. 








Proportion of total plant power— 


Installed in auxiliaries. Actually used by auxiliaries. 
Maxi- Mini Maxi- Mini- 
mum mum, |“Ver@ge-} mum. | mum. | *Verage- 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 


MMR, ne east e Dene ee eae 15.0 0.7 4.3 6.2 0.7 2.8 
Down draft.........---- eee) mean aera | 10.0 2.0 5.0 10.0 2.0 3.8 
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TROUBLE FROM PRODUCER AUXILIARIES. 


Data regarding serious trouble with producer auxiliaries were 
requested from the various owners and operators. A summary of 
the information furnished follows: 


Data regarding trouble from auxiliaries used with gas producers. 





UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 














Plant | Horsepower 2 ; 
of each gas | Remarks of owner or operator regarding serious trouble with producer auxiliaries. 
generator. 

LAP See? 75 | No trouble. 

OF Daca 150 Do. 

Opie as 160 Do. 

202 2. 200 Do. 

Oo one 250 Do. 

i holes aes 300 | When fan-type exhausters were used on outlet of producer they were eaten away 
by sulphurous compounds. 

19-2555: 300 | No trouble. 

SOEs 300 Do. 

hOB gett 400 Do. 

PLANTS BURNING BITUMINOUS COAL. 

Oa epises 200 | No trouble. 

Olosees 200 Do. 

RG See 250 | Trouble; scrubber gets choked with tar. 

i Bee ee 370 | Tar extractors become clogged and passages of scrubbers using excessive power 
cause high pressures at top of producers, causing gas to leak around poke hole, 
causing distress to operators. Further, under such conditions flues in fire develop 
rapidly when pressure is relieved at time poke holes are opened for inspection. 

PAT Santen 300, 400 | No trouble. 

| ear 650, 1, 000 Do. 

ex aac 1, 000 Do. 

Doe eccce 2,500 | No trouble except that due to mechanical defect in steam engine driving the gas 
pump. 

PLANTS BURNING LIGNITE. 

CL as 100 | No trouble. 

1555 ES 100 Do. 

BE hig oe Arg 250 Do. 

Btelerseme are 300 Do. 

PLANTS BURNING WOOD. 

1S eeecee 150 | No trouble. 

260 eae 250 Do. 

DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 

20 eae 200 | No trouble. 

OSes ate 250 Do. 

Pie er a 250 | Trouble on starting new fires a little coal tar is produced, clogging exhauster. 
Cleaned every 3 weeks. 

So nea ee 250 | No trouble. : 

Riera 375, 500 Do. 

Do aaa 500 Do. 

Sarees 800 Do. 

7 ke 1, 500 Do. 

Py a ae 1, 500 Do. 


Tae 


CRS ae ipl: 


~ 
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. Data regarding trouble from auxiliaries used with gas producers—Continued. 


DOUBLE-ZONE PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 





Plant Horsepower 
of eet ee Remarks of owner or operator regarding serious trouble with producer auxiliaries. 
: generator. 








eer 250 No trouble. 
aN? 500 Do. 
PLANT BURNING LIGNITE. 





| Se | 200 | No trouble. 


OIL-GAS PLANTS. 
PLANTS BURNING CRUDE OIL. 








No trouble. 
No trouble; wash water pump collects tar on runner shaft. 





TIME REQUIRED TO BRING GAS PRODUCERS TO FULL GAS PRO- 
DUCTION AFTER STAND-BY. 


A summary of the information furnished by owners and operators 


regarding the time required to bring the various types of producers 


to condition of normal demand after a stand-by follows: 
Data regarding time required to bring various types of gas producers to condition of 
normal demand after a stand-by. 


UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 


Plant Horsepower | Remarks of owner or operator regarding time required for producer to reach full 














No. Fos production after stand-by. 
Ges soe 150 | 1 hour after 18 hours. 
eee 250 | 4 hour after 14 hours. 
Basa 32 250 | 3 hours Monday forenoon. 
ees 300 | 4 hour after 13 hours. 
it 300 | 1 hour after 14 hours. 
Oe ea 300 | 40 minutes after 14 hours. 
Wee ...- 350 | 4 hour. 
PLANTS BURNING BITUMINOUS COAL. 
Bee = = 200 | 4 hour after 12 hours. 
ieee 200 | 1 hour after 14 hours. 
De iGecas) y 250 | 1 hour to come in on main line after 10 hours. 
Ais 4 ee 250 | 1 hour after 12 hours. 
oi) ae 370 | 1 to 2 hours after 12 hours. 
ane 300,400 } 1 hour after 12 hours. 
ae 650, 1,000 | } hour after 13 hours. 
i ae 1,000 | 14 hours after 24 hours. 


Ee nckte = 2,500 | 4 hour to 1 hour after 14 hours. 
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Data regarding time required to bring various types of gas producers to condition of 
normal demand after a stand-by—Continued. 


UP-DRAFT PLANTS—Continued. 
PLANTS BURNING LIGNITE. 





Plant Horsepower 


of each gas Remarks of owner or operator regarding time required for producer to reach full 
No. 











generator. production after stand-by. 

Ae e asst 100 | 20 minutes after 12 hours. 
eer ess 100 | 1 hour after 12 hours. st 
Lee eee 250 | 2 hours after 12 hours. 
IOs ais 300 | 20 minutes to 4 hour after 8 hours; 1 hour to 14 hours after 1 week. 

PLANT BURNING WOOD. 
26 sock | 200, 280 | 4 hour after 24 hours to 1 week. 

DOWN-DRAFT PLANTS. 

PLANTS BURNING BITUMINOUS COAL. 
7 ee 200 | Service continuous. 
2 SS ae 250 | Can start engine in 15 minutes after 12 hours, but takes about 1 hour to get to 
working well. 

QB cseas 1,500 | 4 hours after 32 hours. 
DAsc ease 1,500 | 30 minutes to 1 hour after 12 hours. 

DOUBLE-ZONE PLANTS. 

PLANTS BURNING BITUMINOUS COAL. 
De es 250 | 4 hour after 18 hours. 
Soon sac 500 | 1 hour after 16 hours. 
OIL-GAS PLANT. 
PLANT BURNING CRUDE OIL. 

5 Oise hee | pact Apia Producer shows good efficiency after 10 minutes’ operation. 


STAND-BY FUEL. 


Many controversies have arisen regarding the stand-by losses in 
producer-gas plants. What this percentage may be under test and 
what it is under commercial operating conditions are two widely 
different values. Several writers on the subject are in the habit of 
allowing per stand-by producer hour from 3 to 6 per cent of the fuel 
charged in the producer per operating hour. 

‘ An attempt was made to procure figures covering commercial 
operation in several plants but the returns were so greatly at vari- 
ance that no deductions of value could be presented. The figures 
reported show stand-by percentages ranging from 3 to 33. 
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QUANTITY OF WATER USED BY PRODUCER PLANTS. 


The quantity of water actually required in the operation of a 
producer-gas plant and the quantity used by the plants reporting 
seem to bear little relation to each other. This variance is largely 
due to the fact that most of the plants reporting seem to have ample 
water supply in close proximity so that the water cost is small. 

Obviously, the quantity of water required in both the generation 
of the gas and in the cleaning process will vary according to the type 
of producer plant, the character of the fuel used, the method of 
operation, and the efficiency of the scrubbing devices. 


QUANTITY OF VAPORIZER WATER USED. 


The quantity of vapor used by the gas generators per pound of fuel 
fired was not reported by the operators queried. Previous investiga- 
tions have indicated that for up-draft plants this figure usually runs 
from 0.7 to 1 pound of water for the vaporizer to each pound of an- 
thracite coal fired. With bituminous coals, lignites, peats, wood, 
and other fuels the quantity of water required by the vaporizer will 
vary greatly with the percentage of moisture contained in the fuel. 
With bituminous coals in up-draft plants this figure seems to be not 
far from that required for anthracite coals. The average for 20 bitu- 
minous coals taken at random shows 0.7 pounds of water per pound 
of coal. | 

On the other hand, a series of investigations with one grade of fuel 
in an up-draft plant showed the quality of the gas to vary little for a 


_ range of vaporizer consumptions from 0.7 pound to 1.12 pounds. 


In using peat it has been found that if the peat contains 25 or 30 
per cent moisture no steam is necessary in the operation of the plant. 
In one plant in this country operating on lignite the supply of avail- 
able water is seriously limited. ‘The moisture contained in the lignite 
is, however, sufficient to more than make up the vaporization require- 
ments so that in the process of cooling the gases enough water vapor 


is condensed to more than offset the losses. This plant is, therefore, 


actually increasing its water supply during operation. 

During a series of tests with a down-draft producer at the Pitts- 
burgh station of the Bureau of Mines, the average consumption of 
water by the vaporizer was as follows: 


Consumption of water by vaporizer in down-draft producer of Bureau of Mines. 


Water per pound of fuel 


Fuel. as fired, pounds. 
PCO IOUs COAL st Sees Shee ee ee oe oo out ee. 0. 23 
(SOT FOUR ESS 3s og ae Sa 4 Soe ae? UR Re ay pe en ee 00 
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QUANTITY OF SCRUBBER WATER USED. 


The quantity of water required for scrubbing the gas in the opera- 
tion of a producer-gas plant is reported by different writers as 
follows: 

(a) 1 gallon per 40 cubic feet of gas washed. 

(b) 3.3 gallons per brake horsepower-hour. 

(ec) 10 to 15 pounds per pound of fuel used in the gas generator. 

If these quantities are reduced to the basis of cubic feet of water 
required per 1,000 cubic feet of gas washed the range is as follows: 

(a) 3.3 cubic feet per 1,000 cubic feet of gas. 

(b) 6 cubic feet per 1,000 cubic feet of gas. 

(c) 2.6 to 3.9 cubic feet per 1,000 cubic feet of gas. 

The latter figures indicate an average of approximately 4 cubic 
feet of water required for scrubbing 1,000 cubic feet of gas. 

During the operation of the testing station of the Bureau of Mines 
the quantities of scrubber water averaged approximately as follows: 

9.7 cubic feet per 1,000 cubic feet of gas with the up-draft plant, 
including the centrifugal tar extractor. 

10.5 cubic feet per 1,000 cubic feet of gas with the down-draft, 
plant. 

Figures supplied by the operators of several plants are as follows: 


Quantities of scrubber water used in different gas producers. 


Quantity of 
scrubber 


Plant No. Fuel. Operation. water per 
pound of 
fuel 
Pounds 
YO Se SGeBee See Se Sees eee eae Bituminous coal =: 2-4.4_2.-- IU -pedira itiec argos oe ee 
Vike eas tee Fe ee Se ORO soc ele eee IL ote OSS Sco > sae aeee 26 
SORTS Se See ee nate oe elle ee GO ee ere oes Laer GOs ee eet eee 67 
V5 ES ee Re Se a tt 92 AA 8 Ue GO iz fir cee Seen eh en GOS AOC E Leet oe eee pee 36 
PA ESE Ae OCI Me ie er at eae a On hs eos Doe a wee ei ae Gin opcre. Somer eam ae eee 31 
DIRS oko cae were 6! top telner aed ean Oe GOEL se ace Down-dralts ise. ease 116 
Bore fea oats wisate re maton wins | Soro DO Sore e eo Nea tae oer ia oe Down-draftand double-zone. 95 


If these figures are reduced to cubic feet of water per 1,000 cubic 
feet of gas washed by assuming that 1 pound of bituminous coal is 
equivalent to 61, 90, and 83 cubic feet of gas for up-draft, down-draft, 
and double-zone producers, the values are as follows: 


Quantities of scrubber water used per 1,000 cubic feet of gas scrubbed. 
Water per 1,000 cu- 


Plant bic feet of gas 
No. scrubbed, cubic feet. 
87 PLE aes I es ee ee he ae ee ee. -. ege 19.9 
BW SARL gee Drie RN le Py Sep eras ee eh by ee eae 1 By ON 6.8 
ss OE Ic oe OY Ne EERE, PE Whe mT ERNE Oe EUR paren oS AE 17.5 
7-15 ee aD NOE ws be ed ag MAT IL Neblett REY cat ERAN 9 a SOE Dy 95D 
QO. os Oo a a a wee Te REIN Era de el oes PR Sh 
yy PEERS ey ei ce  M E Ng UE o DUNS Pia R ae INR eT tA Sy eo 20. 6 
Bo wo Sn'v nig pad nS eget Re Pee ea alee ei Sen ea 16.9 
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The range between the temperature of the water entering and that 
_ of the water leaving the scrubber seems to depend more on the quan- 
tity of water available than on any predetermined temperature as 
the proper one for the water leaving the scrubber. 

The prevailing temperature for the water entering the scrubber 
is 50° to 90° F., and for the water leaving it 75° to 200° F., the aver- 
age being about 110° F. 

The temperature rise recorded for the different plants is as follows: 


Rise in temperature of scrubber water at different plants. 


Plant Bases icant 
No. rise, 
De Sot” sad he DAR A CIR TE. ee eae lapel Ga ppnns Ae ae eee ane Sen a 45 
EM eileen ee a a Pee NW ee ak ee wl Nh nga pS ee enews Se 8 
PTS Coe 0s Beye SS det ole See Las ee SR Re RPA ea Sd ee ee 10 
NE le RE Peg ey ate OE De Sa PL UF Meee ne aes ee en ee RE 50 
1D ee OR Ce gre ee a a 7 Se A ee aca ee geen 155 
eee er ne ne ANG ees Ras Wace Ot wks cities be Se a x ws 37 
ene ee eRe eee Nate Oe ee ye ee ache atin dct sme 44 
rd RE ee a re ate Ne Nl eae gat Se tenet em a eT 45 
er eta, a we A Riamee ie Suadicld siiage eS ao a 70 
Le etre Re Penta ee Ae a TR RE EU ate tools She 8 a 15 
a ee ators ee Sea hae Re ee Ne oie MEEPS Sam Sees eee 5d 
apse Suara HL apes pa RT Cy See ig rR «dere RE a ee ee 10 
1 SR Seg fa, Sem legis Cape Wie te tele Ae CF oe Phe S08 Sea kenGa Be el eee aC 40 


QUANTITY OF WATER REQUIRED TO COOL ENGINE. 


The quantity of water required in engine cooling is reported by 
various writers as follows: 

(a) For single-acting engines, 5 to 7 gallons per horsepower-hour. 

(b) For large double-acting engines, 4.5 to 5.5 gallons per horse- 
power-hour for cylinders, stuffing boxes, valves, etc., and 1.75 to 2.25 
gallons per horsepower-hour for pistons and pistons rods; or a total 
ranging from 6.25 to 7.75 gallons per horsepower-hour. 

(c) Twenty-five to fifty pounds per brake horsepower-hour, or 3 to 
_ 6 gallons. 

(d) For a producer-gas engine, single-acting and of less than 200 
horsepower, the normal consumption of water per brake horsepower- 
hour at full load is 5.5 gallons for cooling the engine. 

(ec) For engines of 2 to 1,000 horsepower, for cylinder covers and 

stuffing boxes, 5.5 to 6.5 gallons; pistons and rods, 2 to 2.5 gallons; 
_ boxes, seats, and exhaust valves, 1 to 1.75 gallons. Total, 9 to 11 
gallons per brake horsepower-hour. 

(f) With a temperature range of 90° F., 45 pounds or 5.5 gallons 
will be required per horsepower-hour. in large engines the con- 
_ sumption is smaller, or about 4.25 gallons. To be on the safe side 
the cooling water may be estimated at 5.5 to 8 gallons. 
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If the various values be reduced to the common basis of cubic 
feet of water per horsepower-hour, the figures are as follows: 


Quantity of engine-cooling water required in various plants on basis of cubic feet per 
horsepower-hour. 


Cooling water per 
horsepower-hour, 

Report. cubic feet. 
Le Aa ELE OE Een Aa EC Rete ee ESS Ee eos 0.67 to.0.93 
| ON Paes Ae Re ADA EN OP GRINS BE MD BS Oe eo es 83 to 1.03 
Oo ares oe a ES FP Ee Be IE See oo et te re ae 40 to .80 
OS ode Fo ede Ba) Cree ee eee Meee Lee en, eee Pe WER SG 
Gas Ake oe eee SHOE 6 eles ee ee eee eta ates ce een ae mee 1.20 to 1.47 
Pare ae ES tee a ee ata ats Pr NE ee ene ets .67 to 1.07 
A VOTAQO Soars tee erate Re os eats Se een re eee .75 to 1.00 


The Bureau of Mines figures show an average of 0.82 cubic foot per 
horsepower-hour for a three-cylinder, single-acting engine of 250 
horsepower. 

The wide variation in practice is shown by the following figures from 
plant operators: 


Quantity of engine-cooling water required at different producer-gas plants. 


Cooling water per 

horsepower-hour, 
Plant No. cubic feet. 
ST ciate Sn eee ee AtSG MOR eee nee 3. 36 
Qo a. SUES, Ce eo ire eee er ee ee 2. 80 
DO oka cmp sce s aie WON pints lle te Oe ar meee co ae eee ee ae oe 2. 56 
LA eid wiath.'s 8 Pe exdin a. tea aia = Sale Wonptere Henle a acc ater a ee 1.01 
Bs bn Stas pine. che we ale Me wii fag ope ata aya ha arn Ars ele nie an een gee ee eee 2.18 
BeBe en rg ne ee ge hacen Eee oe Seta given ee Seas atch) Seite ae een 2. 56 


The inlet temperatures reported for the cooling water range from 
50° to 90° F. and the outlet temperatures from 86° to 160° F., the 
average being about 115° F. 


LUBRICANTS USED. 


The quantity of oil required per horsepower-hour varies with the 
character of the installation and the method of operation. For full 
load, 24-hour service, the proportion per horsepower-hour is of course — 
greater than for a plant running under light load for a 9-hour or 
10-hour day. Some of the figures given by the engine manufac- — 
turers for the quantity of engine oil required are as follows: 

1. For a 200-horsepower engine, the oil amounts to 1.25 gallons perm 
10-hour day, or 0.625 gallon per 1,000 horsepower-hours. | 


: 1 
2. For a 65-horsepower engine, the oil used is 5000 gallon per 


brake horsepower-hour, or 0.500 gallon per 1,000 horsepower-hours. 
3. For a 100-horsepower engine, inclosed crank case, 0.5 gallon per — 
10 hours, or 0.500 gallon per 1,000 horsepower-hours. 
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4. For a 140-horsepower engine, inclosed crank case, 1 gallon per 
10 hours, or 0.715 gallon per 1,000 horsepower-hours. 

5. For a 125-horsepower engine, inclosed crank case, 1 quart per 
10 hours, or 0.200 gallon per 1,000 horsepower-hours. 

The average of these quotations is 0.508 gallon per 1,000 horsepower- 
hours. The plant operators reported their commercial requirements 
to be as follows: 


Quantity of oil used in lubricating engines in various gas producers. 





ther 


Cylinder| Engine fiimete 


Length of oil used | oil used 


Plant No. Horsepower of engines.| service Meister iy en 3009 per 1,000 
er day. oe tse. 1; horse- 
P ower- | power- | po wer- 
ours. | hours. ae 


Hours. | Gallons. | Gallons. | Gallons. 
8 2.0 


dl open SaaS Sonera e Sac eA SOME tn. TOON erbee bea 2, OF too ccs lua nee ce os 
eens he ah ee Soe Se oie ci oe sada & TOO ome steer ct oc cltinn tae ac Soaine 1. 25 
OR ee se eee ard oor he anlar aus SP aeN asics Nem co eee cela e ats ae ci 1.8 LSB force uleres ae 
She A JOP En, Paci © A Oe 40, 160 16 QiBo [ive dodves| ew vents s cies 
De er st MS om acars ais cca tie. 3 6's eal 190 DAs esa celery 1. Ogio. estes oe 
il be, ceiees ae oS eR eo Sa ree mnS e 500 24 Lay ae es ore ee 
ee ee Se Bo ee oo se Sete Se 80, 160, 200, 375 12 1.5 SOP. ccetns s 
Bee ees foe betes itp Ae ke 200, 500 24 il Sacre sie as 's 1,26: loco iene ae 
+ i 2 Et gk SERS arr ae a 300 24 -75 4 8 
OL Elk Sines Ti alas es 5 er a 750 10 -5 17 07 
| ae ae ae eh ae te ee ae 125. nee ees 13 4 ol 
Ts reat Senet ke eee ee Oe a ee eee 150, 250, 300, 600 }.......... 25 VET reese Hae 
ee ih ora Se nite yin ae AE 500 10 5 -6 -14 
ES cane cocks Ge eo cies - Se ee tetany eras 500, 1, 000 10 4 CUM ce census 
ER a Meee Gia oulctee A. Peat atiars Liar 2, 24 2.7 5.3 7 
SBS Bn aS BE Rs ia ae 115, 300, 750 24 25 a) Ase 
rR ee eas SPE ease nk att det Sawing Sere e wa etna see 24 125 ees oAeeo ee oa eae 
PAV OLA LO Nore. masse as bar mslaiterecivioin |S ae here asia ne abet aera aie etc See cae 1.17 1.11 51 


The average of a number of returns from the operators of recipro- 
cating steam engines indicates the consumption of cylinder oil and 
engine oil to be approximately the same and to equal 0.13 gallon 
each per horsepower-hour. On this basis the oil consumption of 
gas engines seems to be approximately eight or nine times as much 
as that of reciprocating steam engines. This difference is perhaps 
not surprising, as the lubricating requirements of the gas engine are 
much more severe than those of the steam engine, but the ratio 
seems rather high. 


PREIGNITIONS AND THEIR CAUSES. 


Data supplied by owners and operators regarding preignitions and 
their causes follow. The numbers preceding each paragraph refer 
to plant numbers assigned by the author. 

Are preignitions frequent and troublesome.—To what do you attribute them? 
Up-Drart PLANTS. 
Plants burning anthracite coal. 


1. Yes. Carbon deposits. 
6. No. 
9, No. Most trouble from too high compression. 


26. 


oe to 


31. 
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No. Excessive hydrogen. 
No. 

No. 

No. 

No. Excessive hydrogen. 
No. 

No. Hydrogen. 

No. 


Plants burning bituminous coal. 


No, if good coal is used and valves are tight. Hydrogen, bad gas, and leaky 
valves. | 

No. 

None. 

No. Overhanging fire or hot particles of carbon from lubrication. 

No. 


No. 
No. 

Plants burning lignite. 
Yes; at times. Carbon deposits, etc. 


No. 
Only for first hour after starting. Excessive hydrogen. 
No. 


Very seldom. To a hot spot or ‘‘chimney”’ in producer forming high hydro- 
gen or to small particles of tar being sucked off governor valve and holding 
fire in cylinder. Stopped by throttling gas valve and then sweeping cylin- 
der with air. 


a Plants burning wood. 


Sticking valves from tar. 


Down-Drartr PLANts. 


Plants burning bituminous coal. 
No. 
No. Excessive hydrogen. 
Yes. Dirt, incandescent points, too rich mixture. 
No. | 
No. 
Had trouble for a while, but seldom now . Holes or channels in fires. 
After water gas run and when air inlet valve leaks. Too rich gas. 
No. Do not have any. 


No. Carbon. 
DovuBLE-ZONE PLANTS. 
Plants burning bituminous coal. 
No. 
No. 


Plants burning lignite. 


At times. Sticking valves. 


Lome 
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Oi-Gas PLANTS. 
Plants burning crude oil. 


10. No. Very little. Small portions of lampblack carrying a spark. 
30. No. Excess hydrogen under high compression. 


CHANGING OR CLEANING IGNITERS. 


The time interval for reliable use of engine igniters is of course 
more or less dependent on the constituents of the gas, the degree of 
cleanliness, the amount of sulphur, the engine construction, and the 
care in operation. The table following indicates the reported prac- 
tice in this connection: 


Data regarding changing cr cleaning of igniters in gas producers. 


UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 





Plant Period of 























No operation Period before igniter is cleaned or changed. 
z each day. 
Hours 

a eee 24 | Cleaned each mont}; lasts 4 years. 
Mt ase 24 | 2 months. 
Gee ss 24 | 2 month. 
Gort oF 24 | 4month. 
Ue = 24 | 4 month. 
[NS Se omer 5-24 | 14 months. 
Jie 24 | 4month. 
ee ieee = 113 Do. 

PLANTS BURNING LIGNITE OR BITUMINOUS COAL. 
(eae 8 | 2 month. 
aaa 11 | 2 months. 
Bee see 24 | + month. 
GE eee 10 | 4 month. 
Boss <3 14 Do. 
Vinee ae 24} 4 to 4 month. 
Rhea rors ok 24 | 2 months. 
2 ee 10 | 8 months. 
2 Veena 10 | 2 months. 

DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 
2h ies ae 24 | Years. 
Nk: 3 se 10 | 4 month. 
ee 10 | 4 month. 
17 10 | 4 months. 
Se 24 | 2 months. 
23) ee 24 | 3 months. 
DOUBLE-ZONE PLANTS. 

PLANTS BURNING BITUMINOUS COAL OR LIGNITE. 
gaa ae 24 | 1 month 
i 24 Do. 
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GAS PRESSURES AND DISTANCES FOR GAS DELIVERY. 


It is interesting to note that in practically all of these plants the 
gas is delivered at a short distance from the producer. The reports 
from 36 plants show a range of distances of 15 to more than 3,000 
feet. Twenty-four plants deliver their gas at distances not exceed- 
ing 100 feet and only 5 deliver gas to a distance exceeding 500 feet. 

None of these plants carries gas at any considerable pressure. The 
range seems to be from a slightly less than atmospheric to 24 pounds 
higher than atmospheric. In the majority of instances the positive 
pressure ranges from 1 to 8 ounces. 


RECOVERY OF BY-PRODUCTS FROM WASTE LIQUORS FROM 
SCRUBBERS, WASHERS, ETC. 


To the query regarding recovery of by-products from waste liquors 
from scrubbers, washers, etc., the answers were all ‘‘ None recovered” 
with the exception of four. Two operators report a special effort to 
procure the tar; one stated that he recovered the by-products, but 
gave no further information, and the fourth reported ‘‘Not yet.” 


COMMERCIAL USE MADE OF TAR PRODUCED. 


The various owners and operators were asked what commercial 
use was made of the tar produced in their plants and what price was 
received for it. The data supplied are presented below. The num- 
bers preceding each paragraph refer to plant numbers assigned by 
the author. 


2. None. 
3. None. 
4. None. 
5. None. 
7. None. 
9. No tar. 


11. No market for tar from lignite. 
12. Fired under boilers in main boiler plant. Saves 5 tons of coal per day, equal 


13. Distilled for wood oil, creosote, and pitch. 

14. None recovered. 

17. Run back into producer. 

21. Burned under boiler to make steam for use in gas plant. 

23. No tar. 

24. Mixed with coal and burned in hand-fired boiler. Not satisfactory. 

25. Utilized in steam-boiler plant. The tar from one of the producers returns to 
the producer and is gasified. 

26. Returned to producer by spreading on fuel. 


28. None. 
30. None. 
35. None. 


37. Burned under boiler. 
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38. One barrel per day goes to Puget Sound with scrubber water. Formerly 
burned with fuel oil under boilers, but caused some trouble on account of water. Will 
soon sell it or burn it again. Worth about $1.10 per barrel if burned under boiler. 

' 39. Originally provision was made for introducing the tar into the producer com- 
bustion zone, but the tar was too stiff to handle. 


COMMERCIAL UTILIZATION OF CARBON RESIDUE FROM OIL-GAS 
| PRODUCERS. 


Only two replies were received to the query, Is the carbon residue 
from oil-gas producers commercially utilized, and if so, how? Plant 
10 reported that the residue was used under boilers, and plant 30 

reported that it was used as fuel in blast furnaces. 


ENRICHMENT OF PRODUCER GAS. 


The various owners and operators were asked whether they knew of 
any plants that enriched the producer gas. Replies to this inquiry 
indicated that the enriched producer gas was used to some degree, 
but not generally. Three or four companies were reported to be using 
this enriched gas for illuminating purposes. One plant enriched 
the producer gas with gasoline vapor for use in brazing. 


TEMPERATURE REQUIRED AT FURNACE. 


Data received from the various owners and operators regarding the 
temperature required at the furnace follow. 


10. About 1,400° F. 
12. 950 to 1,050° F. in leers. 


13. 650° F. 
172 1:700° F f 
21. 1,300 to 2,200° F. 4 


24. As high as 1,500° F. 
25. 1,500 to 2,000° F. 


SPARE CAPACITY AND POWER ACTUALLY AVAILABLE. 


Practically the same general rules that govern the installation of 
spare boiler units in steam plants control the installation of spare 
producer units. The principal points that have to be considered are 
reliability of plant and continuity of service. 

The need of reserve boiler units is, however, much greater under 
normal operating conditions on account of the necessity of frequent 
boiler cleaning. Although the intermittent type of producer must 
_ be cleaned at regular intervals, depending in length on the percentage 
of ash in the fuel, the continuous type may be run for years without 

the fires being drawn if clinker troubles are not excessive. 
_ An examination of the data at hand shows no relation between the 
daily hours of service and the installation of spare units. Of the 
plants from which reports were received, ranging in capacity from 
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100 to 9,000 horsepower, about one-third have reserve units of 20 
to 50 per cent of the total installed power. 

Ten years ago most gas producers for power purposes were overrated 
in capacity. 

This overrating was the natural result of the blind use of European 
figures and became for a time a serious matter. Although the rating 
of such plants is far more conservative to-day, still an examination 
of the operating reports of 27 plants reveals the fact that approxi- 
mately one-third of them have considerably less than 100 per cent of 
their capacity available. One instance is reported in which only 60 
per cent of the rated capacity could be realized. The average per- 
centage of available capacity for the plants that are below rating 
is 75. 

On the other hand, 6 of the 27 plants show a capacity considerably 
above normal rating. The maximum is 155 per cent, and the average 
for the 6 is 132 per cent. 


USES OF PRODUCER-GAS PLANTS. 


To indicate the varied applications of producer gas and producer-gas _ 


power a brief tabulation is presented giving the information received 
from the 39 companies that reported. The numbers preceding the 
paragraphs refer to plant numbers. 


fal 


Lights and power (5 to 24 hours per day). 

Commercial lighting and power (24 hours per day). 
Manufacture of acid phosphate (24 hours per day). 

City water company (8 hours per day). 

General factory purposes; also drying molds and covers. 
Light and power (24 hours per day). 

Milling flour (11 hours per day). 

Induction motor drive (24 hours per day). 

Lighting and power (24 hours per day). 

10. Street and house lighting, ice making, refrigeration, etc. (16 hours per day). 
11. Grinding cottonseed cake into meal for export. 


CON AMR WL 


12. Motor drives (24 hours per day, 64 days per week). Gas also used for leersin — 


glass bottling factory. 
13. For heating wood-distillation retorts (22 to 24 hours per day). 


14. For operating blowing engines and for oprating pyrites furnace (24 hours per 


day. 
15. Light and power (14 hours per day). 
16. Mining and concentrating iron ore (24 hours per day). 
17. Hardening and annealing. 
18. Machine shop, electric power (114 hours per day). 


19. Factory lighting and power, motor-driven ammonia compressor for raw-water 


ice making (summer, 24 hours per day; winter, 8 to 16 hours). ' 
20. Electric lighting and power (24 hours per day). 


21. Driving machinery by rope transmission from engine to line shaft (10 hourel ‘ 


per day); also forge, annealing, and hardening. 
22. Manufacturing (10 hours per day). 


a 
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& : 
8. Manufacture of plate glass, power (24 hours per day, 54 days per week). 


24. Excitation of direct-current electric generator, lights and general plant 
auxiliary; alternating-current motors driving grinding and polishing machines, 1,000 


~ to 1,200 kilowatts on each alternating-current machine. (Continuous, 24 hours per 


day, 156 hours per week.) Also melting glass in furnaces and glass annealing. 
25. Power in manufacturing plant (10 hours per day). Also hardening and 


~ annealing. 


26. Power by direct drive and also direct-connected to direct-current generators 
(7 months, 24 hours per day; 5 months part load, 24 hours per day). Exhaust gas 


used to produce steam at 60 pounds pressure on vaporizers connected to engine 


exhausts. 

27. Factory power. 

28. Electric power for phosphate mining. Principal load is motor-driven cen- 
pinifugal pumps (156 hours per week). 

29. Oil mill, electric power (24 hours per day). 

30. Pumping (24 hours per day). 

31. Electric power (24 hours per day) and concentration of acid. 

$2. Machine-shop power (10 hours per day) and drying linings in foundry ladles. 

33. Electric shop drive (14 hours). 

34. Power in paper mill to drive beaters and pumps; also belted generators (24 
hours per day, 6 days per week). 

35. Power for manufacturing purposes, shops (10 hours per day); also for heating 
carbonizing furnaces. 

36. Power for manufacturing (10 hours per day). 

37. Shop power and lighting (9 hours per day). 

38. Driving ammonia compressor and electric generator for power and light (45 


_ months, 24 hours per day with not to exceed one stop per 20 to 30 days for cleaning 


and adjustments in the summer months; 7 to 8 months, 10 to 20 hours per day). Pro- 


ducer has had fires drawn not to exceed five times in five years. 


39. Operating motor-driven centrifugal pumps, rotating and shaking screens and 


elevators, and for lighting purposes. Also conveyors, rotating dry kilns, washers, 
Behops, etc. (24 hours per day). yi 





RESPONSE OF PRODUCER TO SUDDEN CHANGES IN DEMAND. 


Following are tabulated data relative to the response of various 
types of gas producers to sudden changes in demand: 


Data regarding response of various types of gas producers to sudden changes in demand. 
; UP-DRAFT PLANTS. 
PLANTS BURNING ANTHRACITE COAL. 


Plant Horsepower Reply of owner or operator to the query, ‘‘ Does the gas producer respond readily 





of each gas 
generator. to sudden changes in demand?’ 
Wess: 350 | Yes. 
5 ee 150 | Yes; for engine load fluctuation. Starting a second engine takes about 20 min- 
utes before gas is strong. 
‘oa 160 | Reasonably so. 
eres... 75 | Load is nearly constant. Believe it would be slow. 
imiG. .... 400 | Yes. 
Sa... 300 Do 
ae 300 Do 
PANE: 35: 200 Do. ‘ 
| 250 | Producer is so large that it instantly covers requirements. 
Bat. =... 250 | One alone does not. Good on full number. 
Bie: s 300 | Yes. 





43186°—Bull. 109—16——5 


Bok ey 
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Data regarding response of various types of gas producers to sudden changes in demand- 
Continued. 


UP-DRAFT PLANTS—Continued. 
PLANTS BURNING BITUMINOUS COAL. | 
SNe ahd Me OE EL ee ee | 


Plant Horsepower Reply of owner or operator to the query, ‘‘ Does the gas producer respond readily 








Sipe to sudden changes in demand? ” 
Sadie yes 200 | Yes; if fuel bed is in good shape. 
KS a: 1,000 | Yes. 
Wheel 2, 500 Do. 
LW eae 250 Do. 
Drees ss 650, 1,000 | No trouble. 
CLpeetee 300, 400 | Yes. 
Sh ees 250 | No. 
Sikes 200 | Yes; as long as fires are kept regular. 
a8 he ese 370 | No. 


| 
| 

PLANTS BURNING LIGNITE. 
Ee WET, hl koe gece S| Ge UA Ss Lae ee EC Maes Gch ke asa | 


Cheaper’ 100 | Yes; when working well. 
(OS Se 100 | Yes. 

Lisette 250 Do 

Jo ee et 100 Do 

Bey eran 300 Do 





PLANTS BURNING WOOD. 


TF — Ss—h——SSsSsSsSSSsSSSsssssss 


Loree 150 | Yes; about 5 minutes required for increase in volume. 
200, 280 | Yes. : 








DOWN-DRAFT PLANTS. 


PLANTS BURNING BITUMINOUS COAL. 


Seseens: 800 | Perfectly. 

20 See 250 | Yes. 

Pes Ae ae 500 | Have none. 

7D 1,500 | Yes. 

0 Wee 1, 500 Do. 

PH fe Sa 250 | No. 

bi orgs an 375, 500 | Proper care required. 
Pe 200 | No. 

OOne aes 250 | Demand is steady. 


nS 


DOUBLE-ZONE PLANTS. 


PLANTS BURNING BITUMINOUS COAL. 
eee 











Breese: 250 | Yes. 
Bosse’ 500 | Perfectly. 

PLANT BURNING LIGNITE. 
olesewe: | 200 | Yes. 








PERIOD OF CONTINUOUS OPERATION. 


The data following were furnished in answer to a query regarding 
the period of operation of gas producers. 


_ 


UP-DRAFT PLANTS. 





PLANTS BURNING ANTHRACITE COAL. 


Horse- 


PERIOD OF CONTINUOUS OPERATION. 


Period of continuous operation of gas producers. 
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Length of | Time in con- 
Plant No. Der Bas service | tinuous oper- 
generator: each day. ation. 
Hours Days. 
no SEHOBC SE aE a Oae SHE OAR ORO ROH OPCS ACSC CRORE Hee ai eens 75 24 
| 35 SESE S TSC aes BS AO MAA DS at nTe Se By litres ey ae 150 24 | Continuous. 
A TE Ee OTe ae we ores Gidie Siete eee ae cles brs aerate eis we Seieieiee waciiee é < 250 3 to7 Do. 
So ao GORA at CBO SPACER OHS Sane Gene Bites Gaia Seine ts 250 24 Do. 
3 te iG aed Gk ORO i pe A iE ies RR Cie ng ME 300 24 50 
hes Red Hie ECs Nn ea AE eR EME: Peta L, eR as. NE ai AP 300 10 Continuous. 
| AROS SOSCRIOUE Ob OHSS rae SRE RBs Sar SA aaah ats, lige A ee a ei at 350 5 to 24 7 
Re Ie ae cir em a¥e din eerste pateiote ats © dros ord at iareia wie hela Sites Soe eens s 400 24 330 
PLANTS BURNING BITUMINOUS COAL. 
Chic ty EA SI ae PE a aA ye NE erg oh te See 0 a ZOO Seen sees 6 
Be ire ey eos cata ute esley cscansaae venens sess teen ser daeee 250 14 2 
9 Ado vaso doesoods Sb Aas Sorc Hesd8 465 Son onPopencuSb one seneaoor { ne 10 | Continuous. 
sei oe SAGAR BB SCE AA erate III ele ies eee Ss Se a a 370 24 3 
21 { oe 10 | Continuous 
NR I AI AA BSE SRI OT tage alge ink pehahe i ae gly aeleaetat y 1, 000 : 
2p ob oG SS ic Ae BOISE COPE BEC. ERE EIS Ape ttle sig Ran i MRE 1,000 16 6 
Declscse.5 GATS SORE OE OsCe BO Es AO Ae Spi aie Aneta ete en are Ee 2, 500 24 180 to 360 
PLANTS BURNING LIGNITE. 
EI epee mental eae endts ate Sidis fda ses ber ice oe Gis gais Sele Shar eine a aes tee ve 100 8 200 to 300 
Spee enter. Stesars's sites 51 ok oh 2 os be cae eed Sa Be oe Takeo tao ee ee eben’ 100 11 6 
Re enw enieic an ss Saas sae os ceded beset eels tesa SSS he Se eS b ere a ete 100 14 3 
ee Se ro Ie Scie Ciels, SOM MO RIS ea UB Se ee Re ora < Bae SER Oe 250 24 | Continuous. 
eee ARNOT arc teia oh evoisis, Niatate mola eia's oa wel elaie lve Alois alaymiale avert eehs gi tye wie are 300 24 Do. 
PLANTS BURNING WOOD. 
epee Te ote a eater ES eee ee ate Iw ae Re LS L500 Seer ek 7 
200 
oy agg Ny PGR Oty tee enn Pe NU { oa \ 24 7 
DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS COAL. 
NE PE re ot nas, Mare Suan ee eite tae cereten Sew See REE 200 24} Continuous. 
Pry Sah era bis eo cle ate winie¥e isle ord wloje tice woitamiete Cena Ses eee 250 24 30 
ee ee eRe tr eae ee SEE Ta eine Mae aioe Be einie Be wisve Sales eree 250 10 6 
a re ene PY tee es ad tt te Oe eg wen eesicreate recto ma 10 6 
DOR pte es =e Paces bel ee andes tac { a8 \ 24 ou 
ROE INE RN ae RS ans Mg tee cio w eis Seow ic ae aimee eiewieiciee 500 10 6 
cine ste af GRE NC Si PR ee eS Sa i 9k hy ae eit Ae poe 800 24 10 to 15 
DepED. Soe. Mere ei ah Pome ra) eee hes. 1, 500 24 1 
DPM ON COs top rane WOR ce NE O82 ee iS ae 1, 500 24 15 to 20 
DOUBLE-ZONE PLANTS. 
PLANT BURNING BITUMINOUS COAL. 
ndash eit a ig AAA pel IR ks be ad SU. ON As a Oe a | 250 24 | Continuous. 
PLANT BURNING LIGNITE. 
Me cine ttre AP | 20 | x | 730 
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The following queries were included in the general request for — 


RELIABILITY AND LENGTH OF SERVICE OF PLANTS. 


OPERATING DETAILS OF GAS PRODUCERS, 


/ 4, 





¥ 


information sent to owners and operators of gas producers: Has the : 


plant proved reliable? 


If not, what is the cause of failure? How ~ 


many years has the plant been in service? The data supplied follow. : 


Data regarding reliability and length of service of producer-gas plants. 


UP-DRAFT PLANTS. ‘ 
PLANTS BURNING ANTHRACITE COAL. 











Horsepower] Total horse- 





egal of each gas| power of Reply of owner or operator to queries. ‘ 
* | generator. plant. a 
ao yee 75 150 | Yes. Inservice 7 years. : 
LO Rates 300 300 | Yes. z 
G22see25 150 450 | In service 3 years. “ 
O2e wees 250 500 | Yes. Inservice 8 years. * 
OR ees 160 640 | Reasonably so. Have had a few minor troubles, but nothing serious. 
< In service 7 years. 
Teta ee 350 700 | No. Too many little things that may happen to cause a shutdown, ~ 
such as change of quality of gas and poor ignition. In service 3h = 
years. 
7 eee ZU he Sess Speer Yes, after some minor changes. 
AS 2a. ROO Teese Yes. Inservice 4 years. : 
PLANTS BURNING BITUMINOUS COAL. f 
: 
Dates eee 200 400 | Yes, very reliable. Plant competes with a hydroelectric plant that — 
offers current at less than 2 cents per kilowatt-hour. A part of the — 
plant is run with motors, but a majority of it is run from a main line : 
shaft. The manufacturing processes require steady power 24 hoursa — 
day, 7 daysa week. Inservice 9 years. 4 
Lies te 250 500 es. ; 
Ge ee 250 ease SS gee No. Tar and gas stick valves of engine and choke scrubber and pipes. — 
BO Seto 370 1,100 | No. Irregularity in thermal quality of gas. Choking of gas mains and ~ 
engine regulators with tar. Engines are undoubtedly rated too high. ~ 
Improved mixing valves and gas-inlet passages would probably result 
in increased capacity. However, considerable expense would be in- 
volved. Plant has been superseded by 1,000-kilowatt steam turbine ~ 
installed in 1911. In service 2 years. t 
Bevan wine = 300, 400 1,400 | Yes. One unit in service 3 years, and one unit 2 years. is 
Dees 200,300,2, 500 3,500 | Yes. Power units in service 3 years; fuel unit, 1 year. i 
PA ih ae 650, 1, 000 3,650 | After first year. At first had some trouble on account of tar and with 
the washing equipment. Since October, 1913, have been using ~ 
natural gas. In service 4 years. 4 
(eee 1,000 4,900 | Producers were operated 3 years continuously and were discontinued, — 
but are still in good condition. : 
é 
PLANTS BURNING LIGNITE. 3 
: ; 
nip aes 100 100 | Producer was bought for 100 horsepower, but at present does not have — 
capacity of 90. 
lee ce LOOT Seeteeeeee Yes. Inservice 5 years. : 
1 ee 100 100 | No. Unithasnot beenrun during the past12months. Failurethought — 
to be due to prejudice on the part of engineer and helpers, or possibly 
“the attention required was too tedious compared with the steam plant. — 
S8ai tr 300 300 | Yes. Most trouble and expense has been with exhaust piping. This 
trouble was overcome by installing twoshort sections of water-jacketed — 
exhaust pipes connecting into fire-brick lined steel shell placed be- — 
tween the twin engines and containing a stack of cast-iron water- — 
heating spiders, or star-shaped sections, which heat all jacket water — 
from 130° to 200° F. About one-half of this hot water is used for © 
industrial purposes and the balance for humidifying the producer 
ash-pit air. In service 5 years and 4 months. ; 
i Er 250 500 | Yes. Inservice 5 years. 5 
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Data regarding reliability and length of service of producer-gas plants—Continued. 
UP-DRAFT PLANTS—Continued. 
PLANTS BURNING WOOD. 


Plant Horsepower)| Total horse- 





of each gas| power of Reply of owner or operator to queries. 
generator. plant. 
ieee. 150 150 | Yes. After finding out how to use wet wood. When plant was first 


started used up a large quantity of good dry wood on hand. Plant 
then put on very green wet wood, requiring much reconstruction of 

: method of operation. Inservice intermittently for 2 years, 
BGacs=+- 200, 280 1,040 | Yes. 


DOWN-DRAFT PLANTS. 
PLANTS BURNING BITUMINOUS ‘COAL. 


LB ee 200 200 | ‘All my figures have been destroyed, as we gave up the engine 2 years 
ago and have since had a fire. We are using hydroelectric power 
altogether and find it much more successful.”’ 


20... ..- 250! ||seeee sen sec Yes, after some minor changes. 
Bees. 500 500 | Yes. Inservice 73 years. 
oss. « - 250 1,000 | Yes. Company is now changing over to hydroelectric power. Pro- 


ducers and engines have been in service over 10 years and for many 
reasons are not using power economically, owing largely to rapid 
plant growth and necessarily poor power-plant location. 


dse-s se 375, 500 |. 1,750 | One pair of producers in service 6 years and one pair 2 years. 
eee 800 3,200 | Yes. Inservice 6 years. 
ames... 1,500 6,000 | Yes. Inservice 4 years. 
Aas te 1,500 9,000 | To certain extent. Lack of knowledge of requirements to make good 


quality gas, including proper grade and kind of coals, grates, steam 
and air supply, and method of firing and cost of apparatus. 


DOUBLE-ZONE PLANT. 


PLANT BURNING BITUMINOUS CCAL. 


1s ee | 250 | 250 | Fairly. Most trouble from poor grade of coal. In service 24 years. 





a 





PUBLICATIONS ON FUEL TECHNOLOGY. 


A limited supply of the following publications of the Bureau of 
Mines is temporarily available for free distribution. Requests for 
all publications can not be granted, and applicants should limit their 
selection to publications that may be of especial interest to them. 
Requests for publications should be addressed to the Director, 


- Bureau of Mines, Washington, D. C. 


ButuetTin 2. North Dakota lignite as a fuel for power-plant boilers, by D. T. Randall 
and Henry Kreisinger. 1910. 42 pp., 1 pl., 7 figs. 

BuuueTin 4. Features of producer-gas power-plant development in Europe, by 
R. H. Fernald. 1910. 27 pp., 4 pls., 7 figs. 

BuLueTIN 5. Washing and coking tests of coal at Denver, Colo., July 1, 1908, to 
June 30, 1909, by A. W. Belden, G. R. Delamater, J. J. Groves, and K.M. Way. 1910. 
62 pp., 1 fig. - 

BuLLETIN 6. Coals available for the manufacture of illuminating gas, by A. H. 
White and Perry Barker, compiled and revised by H. M. Wilson. 1911. 77 pp., 4 


- pis., 12 figs. 


BULLETIN 16. The uses of peat for fuel and other purposes, by C. A. Davis. 1911. 
214 pp., 1 pl., 1 fig. 

BuLuLeETIN 24. Binders for coal briquets, by J. E. Mills. 56 pp., 1 fig. Reprint of 
United States Geological Survey Bulletin 343. 

BULLETIN 27. Tests of coal and briquets as fuel for house-heating boilers, by D. T: 
Randall. 44 pp., 3 pls., 2 figs. Reprint of United States Geological Survey Bulle- 
tin 366. 

BuLLETIN 28. Experimental work conducted in the chemical laboratory of the 
United States fuel-testing plant at St. Louis, Mo., January 1, 1905, to July 31, 1906; 
by N. W. Lord. 51 pp. Reprint of United States Geological Survey Bulletin 323. 

BuLuETIN 31. Incidental problems in gas-producer tests, by R. H. Fernald, C. D: 
Smith, J. K. Clement, and H. A. Grine. 29 pp., 8 figs. Reprint of United States 
Geological Survey Bulletin 393. 

BULLETIN 33. Comparative tests of run-of-mine and briquetted coal on the torpedo 
boat Biddle, by W. T. Ray and Henry Kreisinger. 50 pp., 10 figs. Reprint of United 
States Geological Survey Bulletin 403. | 

BULLETIN 36. Alaskan coal problems, by W. L. Fisher. 1911. 32 pp., 1 pl. 

BuLLeETIN 39. The smoke problem at boiler plants, a preliminary report, by D. T. 
Randall. 31 pp. Reprint of United States Geological Survey Bulletin 334, revised 
by S. B. Flagg. 

BuLuetin 40. The smokeless combustion of coal in boiler furnaces, with a chapter 
on central heating plants, by D. T. Randall and H. W. Weeks. 188 pp., 40 figs: 
Reprint of United States Geological Survey Bulletin 373, revised by Henry Kreisinger. 

BULLETIN 49. City smoke ordinances and smoke abatement, by 8. B. Flagg. 1912. 


50 pp. 


BuLietin 55. The commercial trend of the producer-gas power plant in the United 
States, by R. H. Fernald. 1913. 93 pp., 1 pl., 4 figs. 
Bu.etin 56. First series of gold-dust tests in the experimental mine, by G. S. 


_ Rice, L. M. Jones, J. K. Clement, and W. L. Egy. 1913. 115 pp., 12 pls., 28 figs: 
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Bun.etin 58. Fuel-briquetting investigations, July, 1904, to July, 1912, by C. L. 
Wright. 1918. 277 pp., 21 pls., 3 figs. 

BuLietin 76. United States coals available for export trade, by Van. H. Manning. ~ 
9140215 pp. et pL: : 

BuLuetin 85. Analyses of mine and car samples of coal collected in the fiscal years — 
1911 to 19138, by A. C. Fieldner, H. I. Smith, A. H. Fay, and Samuel Sanford. 1914. 
444 pp., 2 figs. 

BULLETIN 116. Methods of sampling delivered coal and specifications for the pur- 
chase of coal for the government, by G.S. Pope. 1916. 64 pp., 5 pls., 2 figs. 

TECHNICAL Paper 2. The escape of gas from coal, by H. C. Porter and F. K. 
Ovitz. 1911. 14 pp., 1 fig. 

TECHNICAL Parser 5. The constituents of coal soluble in phenol, by J. C. W. Frazer 
and E. J. Hoffman. 1912. 20 pp., 1 pl. 

TrecunicAL Paper 8. Methods of analyzing coal and coke, by F. M. Stanton and 
A.C. Fieldner. 1913. 42 pp., 12 figs. 

TECHNICAL PAPER 9. The status of the gas producer and of the internal-combustion 
engine in the utilization of fuels, by R. H. Fernald. 1912. 42 pp., 6 figs. 

TECHNICAL Paper 10. Liquefied products of natural gas; their properties and uses, 
by I. C. Alen and G. A. Burrell. 1912. 23 pp. 

TECHNICAL PAPER 16. Deterioration and spontaneous combustion ot coal in storage, 

a preliminary report, by H. ©. Porter and F. K. Ovitz. 1912. 14 pp. 

TECHNICAL Paper 34. Experiments with furnaces for a hand-fired return tubular — 
boiler, by S. B. Flagg, G. C. Cook, and F. E. Woodman. 1914. 32 pp., 1 pl., 4 figs. 

TECHNICAL Paper 35. Weathering of the Pittsburgh coal bed at the experimental 
mine near Bruceton, Pa., by H. C. Porter and A.C. Fieldner. 1914. 35 pp., 14 figs. 

TECHNICAL PareR 37. Heavy oil as fuel for internal-combustion engines, by I. C. 
Allen. 1913. 36 pp. 

TECHNICAL PAPER 38. Wastes in the production and utilization of natural gas, and — 
methods for their prevention, by Ralph Arnold and F. G. Clapp. 1913. 29 pp. 

TECHNICAL PapER 45. Waste of oil and gas in the Mid-Continent fields, by R. 8S. 
Blatchley. 1914. 54pp., 2 pls., 15 figs. 

TECHNICAL Paper 49. The flash point of oils—methods and apparatus for its deter- 
mination, by I. C. Allen and A. 8S. Crossfield. 1913. 31 pp., 2 figs. 

TECHNICAL PaprER 50. Metallurgical coke, by A. W. Belden. 1913. 48 pp., 1 pl., — 
23 figs. 

TEcHNICAL Paper 55. The production and use of brown coal in the vicinity of 
Cologne, Germany, by C. A. Davis. 1913. 15 pp. 

TECHNICAL Paper 57. A preliminary report on the utilization of petroleum and 
natural gas in Wyoming, by W. R. Calvert, with a discussion of the suitability of 
natural gas for making gasoline, by G. A. Burrell. 1913. 23 pp. 

TECHNICAL PapER 63. Factors governing the combustion of coal in boiler furnaces; 
a preliminary report, by J. K. Clement, J. C. W. Frazer, and C. E. Augustine. 1914. — 
46 pp., 26 figs. , 

TECHNICAL ParerR 64. The determination of nitrogen in coal, a comparison of va- — 
rious modifications of the Kjeldahl method with the Dumas method, by A. C. Field- — 
nerand ©. A. Taylor. 1915. 25 pp., 5 figs. 

TECHNICAL Paper 65. A study of the oxidation of coal, by H. C. Porter. 1914. — 
30 pp., 12 figs. _— 

TECHNICAL PapER 74, Physical and chemical properties of the petroleums of Cali- 
fornia, by I. C. Allen, W. A. Jacobs, A. S. Crossfield, and R. R. Mathews. 1914. — 
38 pp., lL fig. = 

Trecunicat Paper 76. Notes on the sampling and analysis of coal, by A. C. Field- — 
ner. 1914. 59 pp., 6 figs. q 


va 
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-'Trcuntcan Paver 89. Coal-tar products and the possibility of increasing their manu- 
facture in the United States, by H. C. Porter, with a chapter on coal-tar products 
used i in explosives, by C. G. Storm. 1915. 21 pp. 

’ TecHnicaL Paper 97. Saving fuel in heating a house, by L. P. Breckenridge and 
8. B. Flagg. 1915. 35 pp., 3 figs. 

TEcHNICAL Paper 104, Analysis of natural gas and illuminating gas by fractional 
distillation at low temperatures and pressures, by G. A. Burrell, F. M. Seibert, and 
I. W. Robertson. 1915. 41 pp., 7 figs. 

TECHNICAL Paper 112. The explosibility of acetylene, by G. A. Burrell and G. G. 
Oberfell. 1915. 15 pp. 

TECHNICAL PaPER 123. Notes on the uses of low-grade fuel in Europe, by R. H. 
Fernald. 1915. 37 pp. 


4 : PUBLICATIONS ON FUEL TECHNOLOGY. ra ih 


: PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPER- 
- INTENDENT OF DOCUMENTS. 


The editions for free distribution of the following Bureau of Mines 
publications are exhausted, but copies may be obtained by purchase 
from the Superintendent of Documents, Government Printing Office, 

- Washington, D. C., or can be consulted at public libraries. Pre- 
payment of the price is required and should be made in cash (exact 
amount) or by postal or express money order payable to the Super- 
intendent of Documents. 

The Superintendent of Documents is an official of the Government 
Printing Office and is not connected with the Bureau of Mines. 


ButueTtin 1. The volatile matter of coal, by H. C. Porter and F. K. Ovitz. 1910. 
56 pp., 1 pl., 9 figs. 10 cents. 
- Butetin 3. The coke industry of the United States as related to the foundry, by 
Richard Moldenke. 1910. 32 PP- 5 cents. 

Bu.tuetin 7. Essential factors in the formation of producer gas, by J. K. Clement, 
L. H. Adams, and C. N. Haskins. 1911. 58 pp.,1pl., 16 figs. 10 cents. 

Buuuetin 9. Recent development of the producer-gas power plant in the United 
States, by R. H. Fernald. 1910. 82pp.,2pls. 15 cents. Reprint of United States 
Geological Survey Bulletin 416. 

_ Bouterin 11. The purchase of coal by the Government under specifications, with 
analyses of coal delivered for the fiscal year 1908-9, by G.S. Pope. 80 pp. 10 cents. 
Reprint of United States Geological Survey Bulletin 428. 

Buuietin 12. Apparatus and methods for the sampling and analysis of furnace 
gases, by J. C. W. Fraser and E, J. Hoffman, 1911. 22 pp., 6 figs. 5 cents. 

Butuetin 13. Résumé of producer-gas investigations, October 1, 1904, to June 30, 
1910, by R. H. Fernald and C. D. Smith. 1911. 393 pp., 12 pls., 250 figs. 65 cents. 

Butuetin 18. The transmission of heat into steam boilers, by Henry Kreisinger 
and W. T. Ray. 1912. 180 pp., 78 figs. 20 cents. 

Butietin 14. Briquetting tests of lignite at Pittsburgh, Pa., 1908-9, with a chapter 

- on sulphate-pitch binder, by C. L. Wright. 1911. 64 pp., 11 pls., 4 figs. 15 cents. 

Buiuetin 22. Analyses of coals in the United States, with descriptions of mine 
and field samples collected between July 1, 1904, and June 30, 1910, by N. W. Lord, 
with chapters by J. A. Holmes, F. M. Stanton, A. C. Fieldner, and Samuel Sanford. 
1912. Part I, Analyses, pp. 1-321; Part II, Descriptions of samples, pp. 321-1129. 
85 cents. 
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BULLETIN 23. Steaming tests of coals and related investigations, September 1, 1904, 


. to December 31, 1908, by L. P. Breckenridge, Henry Kreisinger, and W. T. Ray. 
1912. 380 pp., 2 pls., 94 figs. 50 cents. 

BuLLETIN 29. The effect of oxygen in coal, by David White. 80 pp., 3 pls. 20 
cents. Reprint of United States Geological Survey Bulletin 382. 

Butuetin 30. Briquetting tests at the United States fuel-testing plant, N orfolk,. 
Va., 1907-8, by C. L. Wright. 41 pp., 9 pls. 15 cents. Reprint of United States 
Geological Survey Bulletin 385. 

BULLETIN 32. Commercial deductions from comparisons of gasoline and alcohol 
tests on internal-combustion engines, by R. M. Strong. 38 pp. 5 cents. Reprint of 
United States Geological Survey Bulletin 392. 

Butietin 34. Tests of run-of-mine and briquetted coal in a locomotive boiler, by 
W. T. Ray and Henry Kreisinger. 33 pp., 9 figs. 5cents. Reprint of United States 
Geological Survey Bulletin 412. 

Buttetin 35. The utilization of fuel in locomotive practice, by W. F./M. Goss. 
29 pp., 8 figs. 5 cents. Reprint of United States Geological Survey Bulletin 402. 

Butietin 41. Government coal purchases under specifications, with analyses for 
the fiscal year 1909-10, by G. S. Pope, with a chapter on the fuel-inspection laboratory 
of the Bureau of Mines, by J. D. Davis. 1912. 97 pp., 3 pls., 9 figs. 15 cents. 

BULLETIN 43. Comparative fuel values of gasoline and denatured alcohol in internal- 
combustion engines, by R. M. Strong and Lauson Stone. 1912. 243 pp., 3 pls., 32 
figs. 20 cents. 

Buuietin 54. Foundry-cupola gases and temperature, by A. W. Belden. 1913. 
29 pp., 3 pls., 16 figs. 10 cents. 

BuLuetIn 63. Sampling coal deliveries and types of Government specifications for 
the purchase of coal, by G.S. Pope. 1913. 68 pp., 4 pls, 3 figs. 10 cents. 

BuntetIn 97. Sampling and analysis of flue gases, by Henry Kreisinger and F. K, 
Ovitz. 1915. 68 pp., 1 pl., 37 figs. 15 cents. 

TECHNICAL PaPER 1. The sampling of coal in the mine, by J. A. Holmes. 1911. 
18 pp., 1 fig. 5 cents. 

TECHNICAL Paper 3. Specifications for the purchase of fuel oil for the Government, 
with directions for sampling oil and natural gas, by I. C. Allen. 1911. 18 pp. 5 
cents. 

TECHNICAL PAPER 25. Methods for the determination of water in petroleum and 
its products, by I. C. Allen and W. A. Jacobs. ‘1912. 13 pp., 2 figs. 5 cents. 

TECHNICAL PAPER 26. Methods for the determination of the sulphur content of 
fuels, especially petroleum products, by I. C. Allen and I. W. Robertson. 1912. 13 
pp., l fig. 5 cents. 

Tecunicat Paper 109. Composition of the natural gas used in 25 cities, with a 
discussion of the properties of natural gas, by G. A. Burrell and G. G. Oberfell. 1915. 
22 pp. 5 cents. 

TrecHNicaL Paper 114. Heat transmission through boiler tubes, by Henry Krei- 
singer and J. F. Barkley. 1915. 36 pp. 23 figs. 10 cents. : 

TECHNICAL Paper 115, Inflammability of mixtures of gasoline vapor and air, by 
G. A. Burrelland H.T. Boyd. 1915. 18 pp.,2 figs. 5 cents. 
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CONCENTRATION EXPERIMENTS WITH THE SILICEOUS 
RED HEMATITE OF THE BIRMINGHAM DISTRICT, ALA. 


By Josern T. Sincewatp, Jr. 


INTRODUCTION. 


The possible value of the red hematite iron ore of the southern 


_ Appalachian States, 1f some practicable method of concentrating 


it could be devised; has long been recognized. The ore is very 
low grade, and although in enormous quantities, particularly in the 


_ States of Alabama, Tennessee, and Georgia, is only at a few points 
_ rich enough to work, and even the best of it ranks among the lowest 
- grade iron ores being mined in the United States. A cheap method 

_ of beneficiating this ore would make enormous quantities available 
- and vastly increase the iron-ore resources of the country. However, 


this low-grade ore in effect constitutes a potential iron reserve, and 

as long as ample quantities of ore can be obtained elsewhere the 

question of its utilization does not demand immediate notice. 
Where these ores are in part of workable grade, however, a prob- 


~ lem of more immediate importance arises which, from considerations 
of economy and prevention of waste in their mining, ought to be 


solved or, at least, attacked as quickly as possible. Where these ores 
are being worked they are usually intimately associated with lower- 


_ grade material that in mining is left behind. The difficulty and 


expense of going into ground broken by old workings makes the 


recovery of this lower-grade ore practically impossible and it is lost 
_ forever. Success in concentrating the red ores, therefore, would save 


material that is now being irretrievably lost. The successful large- 


- scale concentration of low-grade ore in the last few years on the 
- Lake Superior iron ranges should encourage the attack of similar 


problems in the Birmingham district. 

While studying iron-mining methods in the United States for the 
Bureau of Mines, Dwight E. Woodbridge, consulting mining engi- 
neer of the bureau, was impressed with the importance of this 
problem, and believed it merited the attention of the bureau. <Ac- 
cordingly, Mr. Woodbridge had Mr. W. J. Penhallegon, general 
superintendent of ore mines and quarries of the Republic fron & 
Steel Co., of Birmingham, send the author of this report five samples 

nt 
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of the unworkable siliceous ores of the district. The results of con- 
centration experiments with these ores made a more thorough and 
systematic investigation desirable. In consequence, the author sub- 


a 


sequently collected samples in the district, and these became the basis — 


_ of the experimental work described in this report. The results are 
published by the Bureau of Mines as a part of its efforts to increase 
efficiency in the utilization of mineral resources. 

The experiments were conducted in the geological laboratory of the 
Johns Hopkins University, Baltimore, Md., with the aid of Raymond 
Leibensperger, mining assistant. The chemical analyses were made 
by A. C. Fieldner, chemist, of the Bureau of Mines. 

The author wishes to express his appreciation of the courtesies ex- 
tended to him by the mining companies of the district, and par- 
ticularly to Mr. W. J. Penhallegon, of the Republic Iron & Steel Co. 


Thanks are also due Prof. W. B. Clark, director of the geological — 


laboratory of the Johns Hopkins University, for the unrestricted use 
of the facilities of the laboratory. 


GENERAL FIELD RELATIONS AND QUALITY OF THE ORES. 


The general field relations of the ores of the Birmingham district 
have been fully described by Burchard and Butts,¢ and somewhat 
the same ground, with greater emphasis on the industrial conditions 
of the district, is covered by Phillips.®2 For detailed particulars on 
these points the reader is referred to these two reports, as no attempt 
will be made here to duplicate the information they present. For the 


benefit of those not especially interested in these points, and to make : 


the purpose of this report more intelligible to such to whom the — 


above publications are not available, a summary of the general field 
relations of the district is given. 


_ 


EXTENT OF THE DISTRICT. 


The Birmingham district is a narrow belt about 75 miles long and 


10 miles wide, with a northeast trend. Near the middle of the belt. 


is the city of Birmingham, which stands in a broad anticlinal valley, 
known as Birmingham Valley, that extends the whole length of the 
belt. The iron ores lie in the ridges on both sides of the valley, but 
by far the most important beds are along the east side, in what is 
known as Red Mountain. Nearly all of the mining in the district 
has been confined to that part of Red Mountain lying between Mor- 
row Gap on the northeast and Sparks Gap on the southwest, a dis- 





« Burchard, B. F., and Butts, Charles, Iron ores, fuels, and fluxes of the Birmingham 


district, Ala., with chapters on the origin of the ores, by HE. C. Eckel: Bull. 400, U. S. 
Geol. Survey, 1910, 204 pp. 

» Phillips, W. B., Iron making in Alabama: 3d ed., Geol. Survey of Alabama, 1912, 
254 pp. 
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_ tance of about 25 miles. This part of the district and the location 
of the mmes from which the samples were collected are shown. in 
Plate I. The area of greatest activity is even smaller, and in the 
summer of 1914, when the iron industry was at a low ebb, mining 
was practically confined to that part of Red Mountain between 
Graces Gap and Sparks Gap, a distance of about 10 miles. All the 
largest mines of the district are included in this latter area. 


THE ORE BEDS. 


The ores are bedded in the Clinton or Rockwood formation, of 
Silurian age, which outcrops along Red Mountain, and gives the 
mountain its name. The beds dip away from the valley at angles 

- ranging from 15° to 45°, but averaging less than 30°. One or more 
ore beds of greater or less importance are everywhere present in the 
Rockwood formation, and within that part of Red Mountain of 
greatest, economic importance—that is, between Morrow Gap and 
Sparks Gap—there are four important beds, known, respectively, in 
their order from top to bottom, as the Hickory Nut, Ida, Big, and 
Irondale seams. The Hickory Nut seam is the least important of 
the four and has received little attention. It comprises 3 to 5 feet 
of sandy ore or ferruginous sandstone, characterized by abundant 
fossils of the brachiopod Pentamerus oblongus, which, on account of 
looking like a hickory nut in its hull, has given the bed the name. 
The bed hes about 12 to 20 feet above the Ida seam and reaches its 
greatest thickness between Birmingham and Bessemer. The other 
three seams are described on subsequent pages in connection with the 
results of the concentration experiments. 


MINERALOGICAL COMPOSITION OF THE ORES. 


~Mineralogically the ores consist of red hematite and include two 

structural varieties, odlitic and fossil, which usually occur mixed. 

_ Usually the nuclei of the odlites are small grains of sand, about which 

successive layers of iron oxide, and frequently thin layers of silica 

and aluminous material, have been deposited. The fossil ore con- 

sists of fragments of such fossil forms as bryozoans, crinoids, corals, 
and brachiopods. 

In addition to the iron oxide the ores carry varying percentages of 
calcium carbonate, silica, alumina, magnesittm carbonate, and other 
constituents in minor amounts. Where surface waters have leached 
out the calcium carbonate the ore is porous and friable, and is known 
as “soft ore”; in contrast, the unaltered ore is called “hard ore.” 
The “hard ores” naturally form the great bulk of the deposits, and 
those mined at present range in composition from 32 to 45 per cent 
iron, 5 to 20 per cent lime, 2 to 25 per cent silica, 2 to 5 per cent 
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alumina, 1 to 3 per cent magnesia, 0.25 to 1.5 per cent phosphorus, 
from a trace up to 0.5 per cent sulphur, and 0.5 to 3 per cent water.* 
Actually the ores average well under 40 per cent iron, and their value 
depends chiefly on the relative proportions of lime and silica. 
Roughly speaking, a self-fluxing ore is one in which the lime is 
slightly in excess of the silica. As such an ore requires in smelting 
no addition of limestone, it is equivalent to a higher grade siliceous 
ore that requires added flux. If the proportion of lime is in excess 
of that required for a self-fluxing ore, a quantity of siliceous ore can 
be added. . This is done in the district for the most part by using a 
mixed charge oflimy ore and brown ore. 


THE PROBLEM OF CONCENTRATION. 


The great bulk of the red ore of the district is high in silica and 
comparatively low in lime, so that the addition of considerable flux 
would be necessary in smelting. The iron content of the ore is so 
low, however, that the iron content of the furnace charge would be 
reduced enough to make the use of the ores unfeasible. Only those 
ores, therefore, that are self-fluxing or nearly self-fluxing can be used 
at present. 

How far the ore can depart from the self-fluxing type and still 
be workable depends entirely on the status of the iron industry. For 
example, the upper bench of the Big seam at the Spaulding mine is 
workable when the demand for iron is good and unworkable when 
the demand slumps. The average composition of this ore is about 
35 to 86 per cent iron, 17 to 18 per cent silica, and 12 per cent lime, 
and it may be regarded as representing the dividing line between ore 
that is workable and ore that is not workable under average con- 
ditions. . : 

Most of the ore of this composition, or better, lies between Birming- 
ham and Bessemer, and is Big seam ore. But, as is explained more 
fully in the section dealing with the Big seam ores, only the upper 
part of the Big seam comes within these limits, consequently the 
lower part is left in the mines. As the old workings cave, the col- 
lapsed roof will make unprofitable the future mining of the rest of 
the bed. It is with reference to the lower bench of the Big seam in 
this part of the Birmingham district that this investigation is of 
most importance. For each ton of ore removed in mining at least 
one ton of the siliceous lower bench is left in the ground, and as the 
annual production is three to four million tons, the annual loss is 
at least that much. The total of the ore reserves in the lower bench 

«Burchard, BE. F., and Butts, Charles, Iron ores, fuels, and fluxes of the Birmingham 


district, Alabama, with chapters on the origin of ores, by EH. C. HEckels: U. S. Geol. 
Survey Bull. 400, 1910, p. 27. 
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of the Big seam within the area under consideration i is estimated at 
146,000,000 tons.* 

An early solution of the problem of beneficiating these lower bench 
ores is, therefore, to be sought in order to stop the waste of resources 
that at some future time will undoubtedly have value. Also, the 
solution of this problem would place among the available iron-ore 
reserves of the country a vast tonnage of low-grade ores in other 
parts of Alabama, as well as in Tennessee and Georgia, and wherever 
the Clinton ores occur. 

For the purpose of determining the possibility of removing silica 


and concentrating iron in these ores, 39 samples were taken from 


various mines lying along Red Mountain between the Ruffner mine 
on the northeast and the Fossil mines on the southwest; 2 of these 
samples were from the Ida seam, 3 from the Irondale, 24 repre- 
sented the lower bench of the Big seam, and the other 10 were from 
the upper bench; 23 of the 24 lower bench samples were taken along 
Red Mountain southwest of Graces Gap; that is, in the mines where 


this ore is being lost. 


EARLIER WORK ON THE BENEFICIATION OF THE CLINTON ORES. 


The problem of beneficiating the Clinton ores has been attractive 
enough to stimulate numerous attacks in the past. Efforts have been 
directed toward applying some known method of treatment or toward 
devising some new method especially adapted to these ores. The 
fact that none of the methods is in use shows that the attempts 
were not commercially successful. Results of many experiments by 
private individuals on their own initiative or by private companies 
have never been made known. Recently an experimental mill, said 
to have a capacity of about 300 tons in 24 hours, was erected at one 
of the mines and has made trial runs, but the persons interested 
refuse to give out any data on the results. 

The most extensive series of experiments that have been carried 
out seem to be those of Phillips,’ and of Wilkens and Nitze,’ made 
nearly 20 years ago. 

Results are summarized in Phillips’ Iron Making in Alabama, 
chapter IV, concentration of ores. In the first of these experiments 
the ore was heated to make it magnetic, and then passed over a 


‘« Burchard, BE. F., and Butts, Charles, Iron ores, fuels, and fluxes of the Birmingham 
district, Alabama, with chapters on the origin of the ores, by H. C. Hckel: U. S. Geol. 
Survey Bull. 400, 1910, p. 132. 

> Phillips, W. B., Notes on the magnetization and concentration of iron ores: Trans. 
Am. Inst. Min. Eng., vol. 25, 1896, pp. 399-423; Concentration of low-grade iron ores: 
Eng. and Min. Jour., vol. 62, 1896, pp. 75, 76. 105, 106, 124, 125, 151. 

¢ Wilkens, H. A. J., and Nitze, H. B. C., The magnetic separation of nonmagnetic ma- 
terial: Trans. Am. Inst. Min. Eng., vol. 26, 1897, pp. 351-370. Discussion of this paper 
by W. B. Phillips, pp. 1089-1093. 
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magnetic separator; but the experimenter soon found that magnetic | 
separation could be effected directly. Numerous experiments were — 


made on a working scale and about 500 analyses. 


Attention was directed chiefly to the low-grade soft ores, and the 


experiments demonstrated that by crushing such ores to pass a 15- 
mesh screen, it was entirely feasible, with a ratio of concentration 
of 2 to 1 and an iron recovery of about 85 per cent, to make concen- 
trates carrying over 50 per cent iron from ores that in their crude 
state were worthless. The average composition of eight samples 
of the low-grade crude tested was 38 per cent iron and 42.5 per cent 





silica. The average composition of the concentrates obtained was — 


52.34 per cent iron and 21.63 per cent silica, with a ratio of concentra- 
tion of 1.93 and an average iron recovery of 71.4 per cent. This 


average concentrate is of somewhat higher grade than the average - 


soft ore now mined. Phillips estimates the cost of producing a ton 
of 50 per cent iron concentrates under favorable conditions at about 


$1.35; he says that this kind of ore’is worth $1.60 to $1.80 per ton, . 


and that the price for 55 per cent concentrates would be $2 per ton. 
The results of four tests of samples of hard ore, as given by 
Phillips, are as follows: 


Results of 4 concentration tests of samples of hard ore. 











Crude ore. Concentrates. 7 
Ratio of | ton re- 
Sample. eS concen- covery 
Tron. Lime. |Insoluble.| Tron. Lime. |Insoluble. tration 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. Per cent. 

2 oe a ee ee 7.60 15.00 16. 20 48. 70 9.76 10. 26 1.82 71. 
ee ee wats ates 34. 50 17.10 04 , 45. 40 11. 45 pts 5 1.56 84.2 
BS 8 I See 31.80 10. 79 33.10 43.15 8.80 19. 66 OED HE 59.7 
Se Se eee 32. 80 9.90 33. 70 44.50 9.00 17.30 1.73 78.7 
AVOTAL6s. diy. as5- 34.18 13. 20 25. 26 45. 44 9.75 14.87 1.85 73.5 


The first two of these samples represent an almost self-fluxing ore © 
similar to those of the upper bench of the Big seam ores,and although ~ 
beneficiation has yielded a much higher grade product, ores of this 
composition can be profitably smelted crude when the demand for — 
iron is strong. Such ores are of slightly higher grade than the upper — 


bench ores of the Spaulding mine, which are just about at the lower 


| 
q 
: 
| 





workable limit. The last two samples represent ores that more — 


nearly approach the composition of the Ruffner ores described in 
this report and were decidedly low grade. The results Phillips ob- 
tained with these samples were not encouraging, and in this respect 
are like those the author obtained with the Ruffner ores. Although 


the concentrate was better than the crude ore, it was not of high — 


enough grade to warrant the cost of treatment. 


Fe 








+ 


BENEFICIATION OF THE CLINTON ORES. aD 


As the samples tested by Phillips represent two groups of ores 
of entirely different types, the average of the four samples has no 


particular significance. It is noteworthy that beneficiation did not 


reduce the lime content as much as the silica content, so that the con- 
centrates are more nearly self-fluxing than is the crude ore. This 
result is in accordance with those obtained by the author of this 
report. 

Another point on which the two series of experiments—by Phil- 
lips and the author—agree is that the iron content of the concentrates 
obtained from the soft ores is higher than 50 per cent, whereas that 


- obtained from the hard ores runs below 50 per cent and is usually 


about 45 per cent. 

Unfortunately these experiments throw little light on the amena- 
bility to treatment. of the siliceous hematites having the composition 
of those in the lower bench of the Big seam. The upper bench self- 
fluxing ores are now being worked, and the concentration of the 
lower bench ores is of immediate importance. 

Of great interest, because of the method used being essentially 


that used in this investigation, are some experiments made in a pri- 


vate laboratory at Wilmington, Del., with what is known as the 
Moxham-du Pont haloid process. The general results of these ex- 
periments have been cited by Burchard * and are given here in more 
detail with the consent of A. J. Moxham. The ore tested was from 
Pleasant Hill, Ala., and was too low grade for profitable mining. 
It was ground to pass through a 100-mesh screen and subjected to 
float and sink tests in troughs containing haloid solutions of specific 
gravity high enough to float the tailings. Three tests of this ore in 
solutions of different specific gravity gave the results shown below. 


Results of 3 concentration tests. 





Composition of— Separation. | | 









































Spe- 
4 | Ratio Tro cific 
No. of Crude ore. Concentrates. Tailings. ; of Con- | yecoy- | Stavity 
test. | ; Con- : centra- d of 
ies KALI TO a SET ee hens fiona te air 
Tnsolu- Insolu- Insolu-| trates. * ion. 
Tron. pics Tron. las Tron. la 
| Poe. | Pict.) PB. che Pod.) \ Pact. | Pe | Peet. | P. ct. P. ct. 
iene 6 274 084/32 44.80 53.32 16. 90 dis 55 72. 90 48.8 S12 2.05 (hay. 7 3.64 
econ eS | 34.32 44. 80 42. 40 36. 28 14. 30 78. 60 70.8 29.2 aL 87.4 3.34 
(C2 254 Se 34. 32 44.80 41.10 34. 50 6. 20 90. 76 - 81.2 18.8 1.23 97.2 3.06 
| “ 1 


From its composition, this ore probably was a low-grade soft ore, 
and hence the results can not be compared with those of tests of the 





* Burchard, E. F., in Contributions to economic geology, Preliminary report on the red 
iron ores of east Tennessee, northeast Alabama, and northwest Georgia: U. S. Geol. Sur- 
vey Bull. 540, 1914, pp. 325-326; Geol. Survey of Tenn., Bull. 16, 1918, p. 161. 
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siliceous hard ores. The grade of the first concentrate is better than ° 
that of the best soft ores, so that the experiments show the possibility 
of making an easily marketable concentrate from an ore as siliceous — 
as that used and of saving three-fourths of the iron in the crude ore. © 
The cost of crushing to 100 mesh would probably be prohibitive in 
commercial work. Beneficiation of other low-grade iron ores by this 
method is being studied, and an experimental plant of commercial 
size has been erected for testing the Oriskony limonites at the Rich — 
Patch mines in Virginia. If the method finally proves commercially 
practicable, it will be of great importance in the treatment of siliceous 
red hematites. 

Ordinary wet methods of concentration are being used for treat- — 
ing low-grade iron ores on the Lake Superior ranges, and have proved — 
so successful that the tonnage treated is continually increasing. How- 
ever, these Lake Superior ores differ from the siliceous red hematites 
under consideration, and hence the results obtained can not be applied — 
to the treatment of Clinton ores. Yet the work has shown that the 
concentration of iron ores by wet methods is feasible on a large scale. 





‘Girlie er eh ee ne .. ee hei 





About a pound of each sample was broken in a small Blake crusher — 
and then crushed in a mortar until it all passed through a 20-mesh — 
screen. A small quantity of the crushed ore was taken as a crude ore i 
sample and the rest was subjected to a screen analysis. For this ; 
analysis the Tyler standard screen scale sieves were used, the sizes 
ranging from 20 mesh to 200 mesh. In these screens the openings ~ 
are so arranged that they increase in the ratio of the square root of 2, 
the sizes in the screens used are given in the following table: © 


METHOD OF CONDUCTING THE EXPERIMENTS. 


Mesh dimension of screens. 

















Opening in— 
Mesh. 
Inches. /|Millimeters. 
20 0. 0328 0. 8383 
28 0232 - 589 
35 .0164 igs 
48 -0116 295 
65 . 0082 208 
100 . 0058 147 
150 . 0041 104 
200 . 0029 074 





As all the sample was finer than 20 mesh, there weré eight sizes 
of material. The seven coarsest were subjected to concentration, but — 
what was finer than 200 mesh was regarded as slimes and was not — 

_ treated. 
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_ To separate the heavier particles, high in iron, from the lighter 
particles, low in iron and high in silica, a heavy solution, Thoulet 
solution of a specific gravity of 3.0, was used. Each size of material 
was treated separately. It was mixed with some of the liquid in a 
separating funnel; the heavy particles settled to the bottom and 
the light particles floated, the two portions being then drawn off 
separately. In this way each sample yielded seven sizes of concen- 
trates and of tailings, besides the slime. 


METHOD OF PLOTTING RESULTS. 


A graphic representation of the results was prepared by plotting 
the screen analysis as a broken curve, the sizes being used as abscissas 
and the percentages of the crushed ore as ordinates. The percentages 
of concentrates and tailings that each size yielded were also shown 

graphically. A second curve was plotted with the actual quantity of 
concentrate produced from each mesh size (percentage of concen- 
trate of each sizeXpercentage of total ore) as ordinates. This 
second curve clearly shows how much each mesh size contributes to 
the total concentrates. As the sum of these products gives the total 
percentage of concentrates from the sample, and as the slimes are 
_known, the percentage of tailings is obtained by subtracting their 
sum (concentrates+slimes) from 100. These three percentages are 
represented by column A (see figs. 1-47) the lower part-representing 
the concentrates, the middle lined part, the slimes, and the upper 
black part, the tailings. Column B in the figures is likewise divided 
into three corresponding parts, which show the percentage of the 
total iron in each. From these figures the ratio of concentration can 
be calculated for the concentrates alone, or of: the product obtained 
by mixing the slimes and concentrates and considering it as the final 
product of the treatment. 
- From all but six samples the concentrates were mixed to form a 
sample of total concentrates, the tailings were mixed to form a 
total tailings sample, and these two products were analyzed for iron 
: and silica. Also the crude ore sample and the slimes were analyzed. 
From these analyses and the percentages of concentrates, tailings, 
and slimes, the percentage.of iron recovered in the concentrates can 
be calculated and also that of the concentrates plus slimes. As the 
slimes were of about the same composition as the concentrates, add- 
ing them to the concentrates much increased the apparent recovery. 

In order to show how iron and silica are distributed in the different 
mesh sizes, and in the concentrates and tailings obtained from them, 

the concentrates and tailings from each mesh size of six samples 

were analyzed separately; and the composition of the crude ore of 

that mesh size, as well as the composition of the total concentrates 
102031° 
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and tailings, were calculated from the analyses. Lime was deter- — 
mined often enough to show the relation of the lime in the crude ore 
to that in the concentrates. The pages that follow present the de- 
tailed results of these experiments. 


RESULTS OF CONCENTRATION TESTS. 
THE BIG SEAM. 


The Big seam, as its name implies, is the important ore bed of 
the district, and in June, 1914, was the only one being worked. Its 
general characteristics are described by Burchard,* as follows: 

The thickness of the Big seam varies from 16 to 30 feet. It extends as a 
traceable unit on Red Mountain for practically the whole length of the mining 
district. Notwithstanding the great thickness there are rarely more than 
10 to 12 feet of good ore in a single bench, and at most places only 7 to 10 — 
feet are mined. Probably the maximum thickness of the bed, without reference | 
to the thickness of the workable part, occurs between Red Gap (near Irondale) — 
and Bald Eagle, although for a mile southwest of Red Gap the bed remains — 
nearly as thick. From northeast to southwest the total thickness of the 
-ore-bearing sediments gradually decreases, without, however, altering greatly 
the thickness of the workable portion, About the middle of the district the — 
bed becomes separated into two benches, either by a well-defined parting — 
along the bedding plane, or by a shale bed, thin at first, but thickening gradually — 
to the southwest. The middle of the Big seam is the workable part in the . 
northeast end of the district, but the upper bench is of most importance 
throughout the rest of the area. In the southwest portion of the district 
the lower bench, which farther northeast is composed of ore that may even- 
tually be mined, becomes a series of strata of lean ore and shale and is conse- 
quently of no possible value; and finally the upper bench itself becomes shaly : 
and carries only a very low-grade ore. 

From this description of the Big seam it is evident that mining ; 
is removing 50 per cent or less of the ore, and the rest is being left 
in the ground, where the caving of the workings will make future 
recovery costly if not impossible. In the part of the district now 
most productive—that is, along Red Mountain from about south ~ 
of Birmingham. to Bessemer—the siliceous ores form the lower 
part of the seam and the less siliceous and more highly calca-— 
reous ores the upper part. Burchard says that in the northeast 
part of this strip the two benches are separated by a mere parting” 
along the bedding and in many places there is no parting, the divid- 
ing line being purely arbitrary ; whereas toward the southwest a thin 
shale parting that gradually increases in thickness comes in. In- 
this part of the district, then, the upper part of the Big seam is 
being worked and the lower part left in the ground. Consequently 
most attention was paid to the lower bench ores of this area. How- 
ever, several samples of upper bench ores were also tested for com- 



















«Burchard, E. F., and Butts, Charles, Iron ores, fuels, and fluxes of the Birmingham 
district, Alabama, with chapters on the origin of the ores, by E. C. Eckel: U. S. Geol. 
Survey Bull. 400, 1910, pp. 46, 47. 
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‘parison. On the following pages the tests of upper bench ores are 


considered apart from those of lower bench ores. Several tests were 


made of ores not included in either of these groups. 


) 


| 


| 
. 





UPPER BENCH, BIG SEAM. 


The character of the upper bench ore gradually changes north of 
a point about opposite Bessemer. Around Bessemer the ore contains 
a little more lime than is needed to flux the silica and alumina, and 
to such ore a siliceous ore can be added to make a self-fluxing charge. 
Northeastward the silica content rises and the lime content declines, 
until near Birmingham the ore becomes decidedly siliceous. 
Phillips? says that hard red ore of good grade has the following 
composition: © 
Average composition of good hard ore. 



































Per cent. 
WY DUC ee ae ed AOA S RL ape ay 0. 50 
Metallic iron_____ oe aanetee is pert eo 37. 00 
Silica _ Bea A ee ae Y: BAS. 13. 44 
1% 31) ) Se ee ea Seer 6 a 2) ee ST 16. 20 
Alumina Dee ae as. 3.18 
Phosphorus ___ ad oe eas & Favt 
Supiurs = ees ae a, ee ese ae eee ea AN 
Garhonic“acid = sk eee ee lp es erent eee ee 





The term self-fluxing, so he states, is applied to those varieties of 
the limy ore in which the lime content equals the sum of the silica 
and alumina contents. Hence the analysis above represents a good 
self-fluxing ore. As the alumina content is usually small, a few per 
cent, a self-fluxing ore may roughly be considered one in which the 
lime content is a few per cent in excess of the silica content. 

The ore from the mines about Readers Gap averages about 34 to 36 
per cent Fe, 10 to 13 per cent Si0,, about 18 per cent CaO, and nearly 
4 per cent Al,O,; hence its lime content is higher than that required 
in a self-fluxing ore. Near Spring Gap the lime content is such that 
the ores are just about self-fluxing, and at Graces Gap the ores have 
a considerable excess of silica. Thus the ore of the Songo mine, just 


‘south of Spring Gap, averages about 34 per cent Fe, 12.5 per cent 
$10,, and 16 per cent CaO; whereas that from the Spaulding mine, 
at Graces Gap, averages about 36 per cent Fe, 19 per cent Si0,, 13 


per cent CaO, and nearly 3 per cent Al,O,. Northeast of Birming- 


ham the ore grows still more siliceous and at the Ruffner mines aver- 
‘ages about 32 per cent Fe, 31 per cent SiO,, 9 per cent CaO, and 3 per 


eent Al,O,. Thus elimination of silica from upper bench Big 


seam ore is of importance except in the southwestern part of the 


district. 


———— 


@ Phillips, W. B., Iron making in Alabama, 3d ed.: Geol. Survey of Alabama, 1912, p. 35, 
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TABULATED RESULTS. 






The results of the concentration tests of the 39 samples of ore col- 
lected from various mines are shown in the tables following: 


























TABLE 1.—Results of crushing and separating samples from various nines. 
i SAMPLE 1. ISHKOODA MINE. ' 

a 

Screen analysis. Separation. 

Concen- — 

P Ie _| trates 

P Quantity taken for | Concen- “1s | 

Size of mesh. separation. trates: Tailings. 

Grams. | Per cent.| Per cent.| Per cent.| Per cent. ; 

Through 20,'on 280.) LOC GW Os 66.3 21. 64.5 35.5 14.1. 

DS AOU Balsa pees eae i ae a en ae eee a 74.2 24.5 68. 1 31.9 16.7. 

35; OM ASS es coe es cee ee Ieee ee meet core 54.1 17.8 66.0 34.0 1G 7 

AS. OE O60. Sat tee De el een, SPs 26.2 8.6 57.1 42.9 4. 9 

65,00 100. ,- <2. teen te eee 24.8 8.2 53.6 46.4 4.4. 

LOO sOntl50:.. Sse SES ee ee ese etee: 2 18.3 6.0 57.7 42.3 3.5m 

150, 001 200.3 a ery 10.5 3.5 60.9 39.1 2.1 

Ble coteisice oo misao aia FOU Oey are at ee he eee 29.2 @ 96 “|'s2 22 esa Soe 0.0. 

303. 6 1 Oh et eat geen ee | 57.4. 
TOtalCOncentratesa con - noche cen MER See emis eta Sine ie Sere ena ee eee eet per cent.. 57.4 
1101 ery Sa SRE See aa Bee 4 IEE oe Ones eee eins i Soho mci gy Ife so SU ESS 0 9.6 
TAU GS <.oi0-6 vias cia tencjott + anges th pate = Gane beak a55 Sema eter eae toe Beene do... 34.0 
100.0 


SAMPLE 2. SPAULDING MINE. 









































Through 20/ 0h 28..ckia-nckh- abauae.. dade 129.5 28.2 68.9 31.1 19.4 
28, OLN S02 sarod Sea eee are ae nee ea ee ae 105.8 22.8 73.4 26.6 16.7 
35, on ASyAcrLesere 03 paathes eked beset nes 76.3 16.5 75.2 24.8 12.4 
48° 0n 602.2005. EAA EP AG REM SRR 41.7 9.0 75.0 25.0 6.8 
GBF on: LOOSE eee eee oe eae hes: 33.8 7.3 73.4 26.6 "5.4 
TOO SOUT D0 siete Soe oa Se payee 26.0 5.6 75.5 24.5 4, 
at on ae LE. SRGNe SS SAAS > Se PERS eee 17.6 3.8 89.9 10.1 3.4 
Dee ae eto ee ee Btabcley wae at ape Pcs es es ne ne 31.6 W658 | cae =e See 0.0 
Be he pier iat A hg 68.3 
Total concentrates! 23 river COT iS REE on. Fees ee ee ee percent.. 68.3 
Slimes sea 5.) se ea Ge ea ese cae va eee oe rr 0. 6.8 
Wailings 2G She ARG See ee CPA eS EE: PS STS do 24.9 
100.0 
SAMPLE 3. SPAULDING MINE 
Hirdueh 20Con'2a 8 SET OLE Sve.) TO 119.4 25.6 68.9 31.1 17.6 
QE. UIE 4 cath ee et <a es a 103.9 22.3 Bal. 26.9 16.3 
Oy OL aoe ees ee me eee nce Beware 15.7 16.2 Chae. 24.8 12.2 
‘hepa ey Oe Gh EEA ETO ABR S aeee Caen RE Ok oh ee 36.6 7.8 69.6 30. 4 on 
BS; OF TOO ome ee ee ene eee eee 36.7 7.9 70.4 29.6 5.6 
100, 9/00 2] OR ee of eerie aN Cee ge ep SY, SORE 32.9 7.0 70.6 29.4 4.9 
150, OW DOOR Fe ee tee ee ee ae oe eee ee 18.9 4.0 22 27.8 2. 
200. ee ey a Pek = SO See So mee es 43.1 (7B apd | et a ieee 0. 
467.2; 100.0|...... 5 a iain cL aaah 
POUR] CODCOD ITA COS se aice sete Sine esr ene rg Stearate hag ce ee ade ee Oe ere per cent.. 64.9 
Slimester.it.. eed ye as AES ee Oe eee Lye ee ire eet td eee Coz. 26°19. 2 
Tailings. ccts nascca oes toca aa coe Mean Came Re. aate a ctas Se eae carreras do... 26.9 
100. 0 





a Slimes, 
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TABLE 1.—Results of crushing and separating samples from various mines— 
Continued. 


SAMPLE’4. HAMMOND MINE. 






























































Screen analysis. Separation. 
= ’Concen- 
: Quantity taken for | Concen- ob trates. 
Size of mesh, separation. trates, | Tailings. 
Grams. | Per cent. | Per cent. | Per cent. | Per cent. 

Serer ly 2OCONieS! 3.5 eae el Bb 2s ie a 38 107.2 28.3 47.1 52.9 13.3 

( 2S MOMS eS. 25a thse wet Bee ee 83.1 22.0 53.9 46.1 11.9 
DO MOIN Cs oe Mean eR ot RRR 54.2 14.3 60.9 39.1 8.7 
AS FOUOO ee a Ae 25d AA eR 28.4 (es) 71.6 28.4 5.4 
GoORMOO® Late wa cio bol ose RA se 30. 2 8.0 77.4 22.6 6.2 

100 SOT 50274 BohO 2 eR Be ek BP ce 2 25.8 6.8 78.2 21.8 5.3 
T5QPom00ls Bes. oss SO cok AMES 2 es 15.4 4.1 79.0 21.0 3.2 
Meet enHate hated cog CUM o Vote Bh ees 34.2 AOE OMe he oD hota e fate 0.0 
378.5 |~ 100.0 | tao sale | Eee ies 54.0 
PGT AL COMGOMUEALOS Siane ts Sean Sake cts | hast Bas Some soe tage teedseeesecess. cas percent.. 54.0 
SITHFC Gwe AME Be CER cane etre SAS eee eee 2 cee oom ete ane eee idee Acts Siete se ) 9.0 
PRCRUTTADS eeeens MERE A ee EEL RECO URE CAMO Teche bie died ore duulee cous coiled odsdecde desc do 37.0 
100.0 
SAMPLE 5. RUFFNER MINE. 

BerrOUoNr OO YONIONSS. 5-H. 88.2 ash gE ono. Ae Bees oe 8 52.8 7 12.5 55.3 44,7 6.9 
28 RODBOS Oe Oe bos as Boece ee tae as! 56.0 1333 55.7 44.3 7.4 
SompUpsSiin 7 aac ot eae Ee pe eae 66. 4 15.8 50.7 49.3 8.0 
48 ROMGoRos-) SNA. =. ot Se RE Lins Gch ae Sete oe aod 63.3 15.0 53.7 46.3 8.1 
GomOnsLOO RU. = 4375.4 ee BR 3 BS Te 78.9 18.8 53.4 46.6 10.0 

LOOMONPM SOS 8. 5 cj: 5 Ras 2 | Ee ee ones 3721 8.8 67.9 32.1 6.0 
TIS) ON Ve. GR ea Me, SR Re eee nes: Sates aes: 19.2 4.5 63.4 36.6 2.9 
1 SS SRO Wr eI a Nees 47.8 CI rs Se a (per a 0.0 
42065, 10QO | ei es 49.3 
PP HACGHODNULATCC Mies Meee n Sc ee eet cme eee te ioe ce ect eens tet per cent.. 49.3 
CLO Se ee IRIE Bee ee tig, LOC cota has E Mae ste cin Alera ciao cciete meee aes (6) 11.3 
OND ETIES) peachy SEs, ap MEd rd AE oh NTA A 9 eye oh ee EE RE SIE EAE (ae TRO Ee do 39.4 
100.0 
SAMPLE 5. RUFFNER MINE (UNDER 35 MESH). 

MEF C SURO AS 8 oe. es eek gop ots Serie pein Se 39.7 19.5 47, 52:3 9.3 
ARMOMLOO GS Seeead. oes 2a 37.0 18.2 §2.5 47.5 9.6 
Tak ta CY CTR OR Sete il ES Slee Re GN My an 2: PR 47.5 23.4 50.9 49.1 11.7 

BC Wt is Od 92 Ee ay hE GR il oe Ae: Ut 23.2 11.4 58.3 41.7 6.7 
POR OREZOO ee ee tte. 2 ae ne re ee ee 21.2 10.5 62.5 37.5 6.6 
— RCE ES Nes eben ielet eA MRR Pie ac eR 34.6 BLOONS. cccs tele eee ee 0.0 
203.2| 100.0 | eeu. ae | 6: ae 43.9 
Sh IROONCOE SPaALOSe ty eee Meritage a eae a oe oe aia tte sese e sers Meee era teeta percent.. 43.9 
PCS EL EP Lee ene meee ot te on ee Chines Soot heer be toe seaeneles oases dots. W170 
SP ELELIEL OS EteaE I Mere SS MESS tere ibid Bis terre sia) SiSiayAalcinin\cin.s eialainins si leveiniarmiasneisis/emnemioeisiais,<.al do. 39.1 
100.0 
a Slimes. 
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TABLE 1—Results of crushing and separating samples from various mines— 


Continued. " 


SAMPLE 6. RUFFNER MINE. 





Screen analysis. Separation. 





‘ Quantity taken for | Concen- ws 
Bie Shane. separation. trates. | Tailings. 





Grams. | Per cent.| Per cent. | Per cent. | Per cent. 














Through 20, On285.. 228 Seer. Oy, Geos parece ce 55.7 13.6 82.3 17.7 

28, OIG. oes ee Soa, Ue ee oe tetas ot a 53. 2 13.0 VIM 27.3. 

35, Ort 48 So SA ae, Be ot es, Sod 61. 2 15.0 70.5 29.5 

AS) ONG) oa.) Bek bs ot Bak eee 59.8 14.6 64. 1 35.9 

65; 61100 223 ee io ee ea, 78.9 19.3 56.8 43. 2 

100, O15.50. OU Pee ae Be aes ese 36. 2 8.8 64.3 35.7 

150"On' 200 525 Sl se Re ao Sab Beets 19.5 4.8 74.6 25.4 

Be OS eR Si tat yippee. Se “helms 44.7 CF BR Uh Mea ae ee cate | RE a 

409. 2 10. OT Tee toe 

| 

Potal COnCOn CraleS ats a Paes tho teh oe preter nics hi RG ee per cent.. 61.0 
Slimes sss a0 aneee es cee we eects e ac cihn Lia he cca tid ccc = ee eee meee one ete: on ee do.... «10:9 
Patines Se ese Pee Pack Prt hieate- ecateln Weise S Spica arae eee eee cee ae ee GO. . eee But 
100. 0 


Concen- 
trates. 


_ 








11,27 


— 
Fan e6o C2 Or Ft SO cose 
S1SoonrcKean 


> 





SAMPLE 6. RUFFNER MINE (UNDER 35-MESH). 


























‘Bhrough 34, jon 48 os 2a: nee os dosage eek ae ee eed 46.7 18.5 49.3 0.7 9. 
48, OBNOD! Sw ber pee Sho cts sels Meee tee 42.8 17.0 48.0 52.0 & 
65, oni00.2ekcae A. S.6 552 Se ee 65.1 25.8 47.2 52.8 12. 
109, som s150; . tg gue... .- Seprapeten top peg ete - 80.9 11.9 55.5 44,5 6. 
156, omi200 2.5 @ Sue 2s 1h Bie teh pee = sod 17.1 7 69.5 80.5 4. 
BR VR SOE aS ae Sart le A oat aca 50. 0 G19: Sih Foose ser el ee ae 0. 
252.36 | ~*~ L004 ooo cans wht an eee 41. 
Total COnCentrates essa oe Sees sre Pea Sear Sees eet ae reat ornate per cent... 41.0 
SISO ee aah Siar Shae ae aie atcha See ah re ey cea eo eats ot ee dos 22 1958 
IBA MN BE 7 dag m5 a oe cto se awa we ane Mennan Saas sae eae DAS AT RE as eee ke Re eee do.... 39.2 
100. 0 
SAMPLE 7. FRANK WHITE MINE. 

Through 20, ON 28.056 otec 2 se oet cer cae Seer ed sees 112.2 26.7 65.7 34.3 17.4 
28, OMRS5 SERA os FB OR oe? Ae ce ee 91.7 21.8 73.4 26.6 16.0 
A ee ee ge ee 2 57.7 13.7 75.7 24.3 10. 4 
43 foniG5 22 oR Mat ss ee a Geen 33.3 7.9 86. 1 13.9 6.8 
G5 JOWPIOO. 2 SLRs. oP ER ae ee 35. 4 8.4 86. 4 13.6 7.3 

100; (oRM150) sats. 52S Bee ere ae 32. 2 fem 90; 2012 eS 6.9 
150,011; 200 5 dio scene ret ORE Seo eee oes 18.5 4.4 88.5 1175 3.9 
CaS FE Sea ate wera are entertain peraccoc sibel 39.3 Oe By Eee erage pe. ls 0.0 
420.3 LOOAO Ven. Sek as Si ee 68. 8 
Total Concentrates = 2342522 shoe: Fe bes cd paces ee cere Saeed ke oe seen Ee percent.. 68.8 
HIM OSs alae HSL ame cee MSs Hain Ash gid Berio ey ote ne eRe aes ated hatte aes ae at creer Oo. 9.4 
PAT GS ee os ciars e ce I Repen e ieee Siac wie eT ates aimee ete MEE te Cie ie 0 eee Ee eee Peay Peat d0:2.” 2.3 
100. 0 
a Slimes. 
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 TaslteE 1.—Results of crushing and separating samples from various mines— 
3 Continued. 


SAMPLE 8. FRANK WHITE MINE. 


















































Sereen analysis. Separation. 
Concen- 
; Quantity taken for | Concen- A: trates. 
Size of mesh. separation. trates: Tailings. 
Grams. | Per cent. | Per cent. | Per cent. | Per cent. 
Seen ell OU. Olies ome. to eisai to  te aoe tae ae 110. 2 25. 75.4 24. 19. 4 
: DE OU ote ee ete tar DSi Soe a Geet esas ALN = ead 90. 1 21.1 76.9 on 16. 2 
Sta eal: tote eo ik Selah ee re earn ae Sins aaa 62. 2 14.5 79. 4 20. 6 1.5 
CAST SPG NS gc BO a once A Le es 22 Sob ali ih aa ge 34.3 8.0 85. 2 14.8 6.8 
AES) dO elie AES oe SUEY 22 AE PM A Age ely aa 37.3 8.7 88. 1 11.9 Gat 
POU TOT LOO tae croc to t.T. Grea el Pe wh ns et ca. Soot tah 88.7 bk! 6.8 
PGRN COU eM ee tt en re ec Gos 18.5 4.3 88. 0 12.0 3.8 
be Na Ss fd, SG LRN Soe RET SAAS PO Re 42.8 Gaiters cee set eee 0.0 
: PES ES GOSY (ie © eee ea Cee BME CW 
otal concentrates =2 5.2. 22.i2:...- PAE SEES ig SABRES SOE SIE rh ees per cent.. 72.2 
SHUL OSHS 0 cel op cy aS UE ASR ean lel fe RIE ade eR RS bce ete eal pn dee. 1050 
SSS 6 ee eancaa BU ee ee et ee ee Se ee an ee do 17.8 
Ae 100. 0 
SAMPLE 9. FRANK WHITE MINE 
Beat 20MM Oe. fee eee 2 ccs Bete ol eee ee oe 11307 28. 4 50.1 | 49.9 14, 2 
Dds ay ONT Ln ge CAS Gea Be els epee 0 fe Go A 93.9 23. 4 52.5 47.5 12.3 
DAMON a Sis, ore ie oes See 8) a pe ie 49.1 12.3 65.6 34. 4 8.1 
ASMONOO eich COE oo oe ome ee ae ee ee ne 27.6 6.9 76.9 23.1 Sue 
GomonO0T saeen meee Ronee ee hoe ree Se 32.5 8.1 78. 6 21. 4 6. 4 
TODS OMS See te ce bee eS ee Serpe eet 28. 4 i 80. 6 19.4 5.7 
1 SOTO) meee ere cre ae Peer eee 18.6 4.6 78. 2 21.8 3.6 
BEE ARAB cae oe Oh, 5 SEAL NCES os Oe EE acm 36.9 @9.2 |......----|02---20--- 0.0 
400. 7 BOOM oli ect iobeaees 55.6 
HecesCONCOLUTRLOS oon ie = eet one Ue eta scene aah nee chieniemes | aan eRe per cent.. 55.6 
SS Ce ieee Cee ts MEME ete Le Se oe Se ym acie hccee nie oe cieke aes eset eae lac 6 (a Re ten? 7) 
DTP he 6 Kee Ge CORSE Ss a eI ae Si 5 Seats nee Re ell) ay Dg a I G0. ee soes 
100. 0 
SAMPLE 10. FRANK WHITE MINE 
Beno 20 MOMS on ot eee tS tld Beene ok oe ae aio 51.9 12.7 98. 4 1.6 12.5 
SOTSO sis Ce Nee eres ee se 55. 6 13.6 96.5 3.5 13.1 
BORO aS ee) Mai a tae rer le Mie 56. 2 13.7 92.9 71 12.7 
ASMOUIOOE cacao cee Bo ka ee are 40.5 10.0 88. 8 11.2 8.9 
"Sg, oa bl a pee Nat ee ae aah ara are SRD ml 65. 2 15.9 70. 0 30. 0 11.1 
LOO TOI TS0S. ete a. ee ee Se ee oo 45.5 tim 76.3 23.7 8.5 
TAO COO ee ee ye ee ae een 23. 2 ed 85.6 14.4 4.9 
OG) erate ere tem 1 ented ai ove eat Ns ts eames. le a | 71.0 as Ar ae Pa Bait eee 0.0 
409. 1 POOR Cina Nyc Na] le aaa ae ae 71.7 
JEGumCOneenLPAles 7+. meee eee eeu Rhee te ee US e oe percent.. 71.7 
DLL OS sees ee so eee ec Say MAL RS 2 eee Be ibe EE NE Pier a Mp se dolhe SLis3 
LEU aT AV SS Dog ae ei AT iS A vane SecA OR AE ME Aetna eae AK Se do 11.0 
100. 0 


a Slimes. 
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TABLE 1.—Results of crushing and separating samples from various mines— 
Continued. 


SAMPLE 10. FRANK WHITE MINE (UNDER 35 MESH). 


Screen analysis. Separation. 








Concen- 


Quantity taken for | Concen- trates. 


separation. trates. | Tailings. 


Size of mesh. 











Grams. | Per cent. | Per cent. | Per cent. | Per cent. 
26.9 92.7 Vf 



























































PRAT OWS Sis OLS Sisk, «baer ape. cs aide omer EE aE ee Ee 1 a We 
ASS) INID Bore sty aerate 5 Vera ok et Re eae 21.6 15. 1 88.9 1 it, 13.4 
6d; 01 100). inacee rece toe eee oes a pee peeynee 28. 2 20. 0 69. 7 30.3 13:9 @ 

LOG SOT 50: oi8oke ptercee 2 Sere goku trarake Smears 20. 9 14.8 81.4 18.6 12.03 
TP Oth UOT ore geass heen rs oe een Se oe 10.3 Cheat: 92.3 Gad 6.7 
ZOD see oe Rie Sesus mis ap ona ae Pe CC eerie 33.5 (i og Bal le eae et Sees Be 0.0 
141.4 LOO QF ee SS Ai eee ee ee 63.7 
‘Total concenirates::ccste ies te ee bac eees eee eee per cent.. 63.7 
hell i ag Vespa gmt ene Nie ee 0 i EE WN aimed preg Sens Sank Ay AS meee ae fe ieee fhe ee oS 2 oe: Oe 2348 
bg B a nc ese eee 4 Se pe eRe ne aE rs Pr ca Smee eR ea ca LH dor. 1226 
> 100. 0 
SAMPLE 11. RUFFNER MINE. 

Through 20;-0n-28 2a<te2dewe SS esi veer Sek ess eee eee 37.8 10. 2 5150 49.0 5.2 
DE DESO en te cee Wa Ache 5 37.8 10. 2 49.2 50.8 5.0 
Sh iL AGee ot ee; oe pre ob mere ae 2 52aW 14.1 49.5 50.5 7.0 
Bae BIE USS, 2 bee ten oi « Ak ees Secs tae eS 68.8 18.5 50.8 49.2 9.4 
SSO TI UIER ane Stee ets See re ne eee ee 79.0 2152 50. 2 49.8 10.6 

LOG ROnIT OO oes ber eee nes Ae aan a cet rome eee ee 36. 3 9.7 59.1 40.9 5a 
1500 200 ae te ee Je i ee 17.7 4.7 66.3 33.7 3.1 
Died ay A iio SAND AO AE EL, pe A 42.6 GLARE AE oe 2 eee ee 0.0 
312i 100008 Soe eee 46.0 
Pota lconcentTra teGers 3 aes ene arc nemesis teeta sore eee eer aetna per cent.. 46.0 
fH BL GAY ciS EL Tran eae ona RnR re See ris Re men <7 eras Bes Spoaes rape hee PRON Eee Gor sy aes 
PLING ier Staae ote Sota rare os ee he re a OE ee Oi ep eee a ce ee eee arpa ee ee dors 4256 
cs 100.0 
SAMPLE 11. RUFFNER MINE (UNDER 35 MESR). 

Bag oagie 55 «O48 ee seukeusc i. yeae eee ep ence 35.0 16.5 40.1 59.9 6.6 
CAEN aS OM Gti tees Meee yerametegs. Zaft eae ae tes se abn Soe 41.3 19.5 44.1 55.9 8.6 
GON LOO AUR Be erat Seen nee eee eee ial 62.3 29. 4 42.6 Dine 12:5 4 

100; SOT 150)... een cee ere oe oe eee acne 25.0 11.8 49.7 50. 3 5.9m 
150,207) 200 365 See <. ae eee ee eee eh 1252 5.8 67.3 S200 3.9 
Bice ee 8 Mein sel ee BN 4 oN YE, on 36.1 O1L10s1 AO ee 0.0 — 
211.9 LO08Ob |S. Jae ah eel eee 37.5 
"TOCA CONCEN ETA TOS Se ae eee ee a ete ee ES eee i ated per cent.. 37.5 
TINOS sci a tedigs Coa ete ee cree 2 erin Fee eT SR Nh bie ene rian do. 17.0 
PHN oT en SAE RSI Gres aies Sivas ae eee iar nLS ame Ee IS ey ape as A ERE Se WOE eee tits 
100.0 
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TABLE 1.—Results of crushing and separating samples from various mines— 
Continued. 


SAMPLE 12. SPAULDING MINE. 






























































Screen analysis. Separation. 
=i Concen- 
: trates. 
. Quantity taken for | Concen- eae 
Size of mesh. separation. (ates! Tailings. 

Grams. | Per cent. | Per cent. | Per cent.| Per cent. 
Through 20 SORES = 4. Se es Nt Sd 110.5 26.6 61.8 38. 16.4 
MOM act: nt eR. . o eeeeotes 101.7 24.5 66. 4 33.6 16.3 
SO BOUES oe tok Ae. ek ee oe Le Fe 65.9 15.9 75.4 24.6 12.0 
PN ee earn 9 5 ene A Pie ea 31.8 7.6 lao 225) 5.9 
GS some OURS, ome oo. Te Reo ae le. BEE, SO 320 7.8 78.3 21.7 6.1 
LOOSOM Cp O ete nae cer ee a Oe Red 26.4 6.4 78.3 PARE 5.0 
TSO SO Tt 200 elena Sine eg is eee ina ines 15.4 3.6 80. 4 19.6 2.9 
Lea ee te See Se ar A 1, 31.6 CRON S| neh: RO OS 4 bl tae aaah 0.0 
415.8. LOO SO) See re ce em ae an os 64.6 

BROCCO CE DUS US same te nten NSN a ante we aeen hehe eRe eer Niet te eee k* Ss per cent 64.6 

TT ES cists aia Beh Rk DNS Dorie SA ed LO RP OR Oe coher ae a Re SRP ee ETRE. (@) 7.6 

SE SULTANS RRA BEAN arc (ape tLtcte Ome Py Ra Sie Mh te AML Acad cotgtly yy A ee oe) eet gay Sait RG do 2188 

100.0 

SAMPLE 13. SPAULDING MINE. 
Through Si ONIIS 5 25 BE coast hae, Bape 205 118.7 27.4 61.2 38.8 |. 16.8 
MOIMOO Se Sones. 5s iE Beas acts She wes oe 99.3 22:9 69.0 31.0 15.8 
BO FOMAS Ae sae Bea. Soh gt & ook eaten ane 65.5 Ue I 73.7 26.3 11.1 
ASE OTNOO Stic. gmt con <b Me Beles eae Gs 35.0 8.0 78.2 21.8 6.3 
GomonslO0s 4 eee ce ee edad ete se | 34.4 7.9 Pffho dl 22.9 6.1 
LOOK ONT SOTFS 38 cre es cine qume tae oe se 28. 2 6.5 79.0 21.0 Sal 
LSOMOIL 2008 Skee. oc LE ny Oe kee ee 17.0 3.9 82.3 WE 22 
FV US Ay A Se SN. aie a Ee Seer ele a 35.8 CU Ses pe aos, tras eee Wee he tae ee 0.0 
433.9 | LOO SO kA ees 2 ee 64.4 
: | 

EROS VE OUICRE EDD COCs pet aera gt oA PE et ef ENN Si oie rol Sosa We, SE etna Ey eSNG athe per cent.. 64.4 

Slimes . MEN Ea ieee I ee ete erie erat, Leas a Tg oo Sree ino a miele a's op ik ed Oe em oes 

Tailings - Giz 5s 5 A eee ee Cob Bae eer Coke Sarees Se eee es eee eae do. Dilsid 

100.0 

SAMPLE 14. SPAULDING MINE. 

Through ee ODDS 2h de Noe os oh oe ate ees ee 101.0 25. 4 61.0 39.0 15.5 
PS#AOMSO2. SB keas hatch Beas ose ee aed 88. 2 2202 68.7 Bal hes} 15a3 
SO OMIM Sa A oe. i eae ee et So 61.5. 1525 74.0 26.0 11.5 
S8AODGO ei ale Pits oot ie aoe e oe oe Ma aia 4 34.7 8.7 ono 24.5 6.6 
GB SOLO niet. ae <3 ab acy 2 a ye ean 34.1 8.5 75.0 25.0 6.4 
100 SOngIS0EA ome. toe enn eee ese 23. 2 5.8 76.0 24.0 4.4 
TSO MOI 200 tte cack cots MON, epee eee amen ce 18.8 4.7 76.6 23. 4 3.6 
SS RO Pe. SON APs Me St Sart RANGE, MS EB 36.5 DOR2A Pare sac co ave cee oer 0.0 
398.0 TOOROS Wet cee sect eyes ener 63.3 

IN GEAUCONCEH LE ACOs ante oer eee see eee ae ae Nera eter te nian Bae sto per cent.. 63.3 

1 PGC ea te penis enpeall tes pets Bi i fk CM RRA SiR, ip TP oe Ned Sea te) 9. 2 

AW PTUO LOVER in, Sets lcrep yam eect es Geet SOS te Ses Rea aith aes Ore cae eae a dom ta 2ive 

100.0 

a Slimes. 
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TABLE 1.—Results of crushing and separating samples from various mines— 
Continued. 


SAMPLE 14. SPAULDING MINE (UNDER 35 MESH). 








CONCENTRATION OF SILICEOUS HEMATITE, 
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Screen analysis. Separation. 
Concen- 
: trates. 
} Quantity taken for | Concen- “1s 
Size of mesh. separation. irate Tailings. 
5 ee 
Grams. | Per cent.| Per cent. | Per cent. | Per cent. 

TBNTOU Sh Sh MONTES 5 ah Meee: ort Seer Sept he 63.0 28. 2 65. 1 34. 18. 
AS SORSGD = b Be eS ee Ce tenor 45.0 15.6 68. 8 81.2 10.7 
GOMORMTOOL 2 LB thse en See ae ee 36. 6 16.4 66. 4 33.6 10.9 

TOO HORMLD OE so bet oh Bn let Sec taht fy ALS Meet 25.4 11.3 67.5 32.5 7.6 
TSO 2OR200 cise iiy 20s ub IR a oe Rene ey oF 15.8 viel 71.9 28.1 5.1 
Sy Se, poe RE ARS RC REI She 5 een 47.9 O21 SANS suas 1eNs S| cette 0.0 
223.7 LOO Oe asso eee e ae eee 52.7 
otal CONCENTLATES 2 sc. tae des etes deers Bose Ss Cibo cre San Settee ea ee cara percent. e524 
UTTIVOS Sete seit oie ee Rie ees ok ore Ms SIN c irelnin ois Ue Sete iene roe eee eee ae do. 21.4 
pW 9 2 Pr PN AC, a aa A Tes ME et Mt CERES, Ae cl ge A yee GBM ta do. 25.9 
100.0 
SAMPLE 15. SPAULDING MINE. 

DITO Us Hy 20 OL 28 icra el eee re Cee eh ee el ee 112.4 27.7 66. 6 33. 4 18.5 
Ss OLIN year atom ak bt: EIPRME SAWS pede aS Sma 88.6 21.8 68. 4 31.6 14.9 
BOOS ee eter SS yay ce eee ty ee eh renee en 61.9 15.2 75. 6 24. 4 11.5 
AS SOT O18 SURI DE cs dE SER we Ut rapa ee ee 28.5 7.0 76.0 24.0 5.3 
Go Sons QOMAE Seren aui st } Nt a Sasa se ane 31.9 7.8 77.4 22.6 6.0 

LOO "O1H SO See eras Res aes at ee INCE 26. 1 6.4 77.5 22.5 5.0 
150; Dr 2007 Lb SOM cee Ae At ie ae een oe 17.0 4.2 75.6 4.4 3.2 
200 SS AR re a > ae eee ee 39.1 C000 \ecesks cc 8] Meee e 0.0 
405. 100. Oboe see e ears 64.4 
TTOESRGORCOMILATCS con cies 65 cele eas ee Ree aie =e Ue oe ee ee percent... 64.4 
DHINIES SAP ee PIL ASR sot eRe Te LARS SER OTIS PE Se ee ee do.. 9.9 
Patlin gs tents: ysters costal sae eee ee ere ee eee do.. Zoe 7, 
100.0 
SAMPLE 16. SPAULDING MINE. 

Bbhrour hi 20 SONS Gee aoe op dee a eas a eee 110.5 24.7 Lo} 38.3 15.2 
7s Bp OE LS leg age Riera est WBS Mine aerate, Shs ce gape a 99.0 22.1 70.5 29.5 15.6 
SOOT Sar es She ee ea Seer aed 67.7 15.1 74. 8 25.2 11.3 
AS SOTO. ar ate ae eee nee Se Cote ee ee 41.0 9.2 78.9 21.15 7.9 
Coli yt yale | RAO hade gpmrmck Cok EIEN cape gute a Belem gi 40.5 9.0 77.8 22. 2 ve) 

LOD COLL SO herent tees ce aoe ee neem eS ee reed 27.6 6.2 76. 6 23.4 4.7 
150; TOT 200 BOR ai) Ser eee See nme nee 18.5 4.1 Vise 22.8 3.2 
200. SES aE Loe ee a ee PT Been TS 43.1 ROR Be I geet hs Bete AS 0.0 
447.9 L000 )).2.22es tes] eure eee 64.9 
otal Concentrates eke oS e ae ott ata A Slots piare Senet ere a ee eee ee percent.. 64.9 
Sites Soe shea cee ee ye oe eek ee ee eee Oe See ree, Seen do ss, e956 
pc HN Thy peep pelicd CoC RN sts tot te et alee Saat lea Ba cet gle tein im ee BS or Need hens UG (Byatt eh nr AS 
100.0 
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RESULTS OF CONCENTRATION TESTS. 25 
TABLE 1.—Results of crushing and separating samples from various mines— 
Continued. 
5 SAMPLE 17. SPAULDING MINE. 
7 
Screen analysis. Separation. 
= Concen- 
: Quantity taken for | Concen- a trates, 
Size of mesh. separation. t¥stes’ Tailings. 
Grams. | Per cent. | Per cent. | Per cent. | Per cent. 
BOUL AO MOTELS © Nee aon nicls ateeae ajo oes be os ec ot 110.0 24.2 61.1 38. 14.4 
aes. tae Le et ek 99.9 22.0 65.5 34.5 14.2 
SE es GS Tae Bees ee 74.2 16. 4 74.2 25.8 12.2 
BRAD GO 05 He AWS So, she ge se) 34 Adee en wl oe 36. 1 8.0 78.1 21.9 6.4 
Core 100. 5 8 2 see SNe oe a4 Asn eee 39.0 8.6 74.6 25.4 6.2 
frais 0 ee ee ty 31.8 7.0 73.6 26. 4 5. 
OO Rome OOO). Reet PAE Sie OE ME nS, 3 SoBe ins cio ri20.0 4.4 Vian 22.5 3.4 
RSE: Setar Se ot. AP ee Bee - e ier ap g 42.5 DO Aalst arate creak hola ae St 0.0 
453.5 | 100.0 | teh kana | Ser Ye 62.6 
. 
CI Peay SS RM Ns DRE ie ici RUNGE RASS Pee he Ie ae aE OPT. percent.. 62.6 
LT ERS a SR a ee ee ree eI ote eg Tepe do. 9.4 
SPOT OWES es, 7 2 ye PAI RITE SS © RII oy «CaN teh ieee et a ear ope Rs SRS re meld pp do. 28.0 
100.0 
SAMPLE 18. IESHKOODA MINE. 
OUP AY ON Nh wk wg hgcoiaguahdieee ance 85.1 ay ee re 32.8 17.3 
DO MOL GO ntZpoea ce arercis ot RE EE i Sioned eee eed 77.4 22.8 71.8 28.2 16.4 
De) AOU 2 2 ais Mat da ois ab at Ree 6 oie ae ee eR 52.0 15.3 74.5 25.5 11.4 
AS SOWLOO Wo ke AU. tices Po ERE oe ee Shee eee 31.6 9.3 75.3 24.7 7.0 
Ho OUR OO SA Sate ick ow ae Sean Se GURU enk ak 27.7 8.2 77.2 22.8 6.3 
FOUROMBLSO HE ee occ ek oe ee See eee ens 19.9 5.9 72.6 27.4 4.3 
ri >: ae ee eeere ese eet ia eee [ 11.8 3.4 | 73.8 26.2 2.5 
Serer te tate aed ose pan noeke cece toesircee: oe 31.9 BORA +\. eee ge Clee eRe 0.0 
339, 4 POO 20s 2, aw Teel eek es 65.2 
PROG CONCOMETALES a2 ore noon cass Jal She as ta Sk oes pasta woe Ste eet Aata neues s percent.. 65.2 
TET TS A Oa Be anh 20 Oe ee Oe a RIE eee eee eeemnt Uir UM eran Seoeet an Umea do. 9.4 
ECS ERLE ook ee oWer ooh eeee Fe ha ayer ara oH ead Md Ree LE ARE Se eee do. 25.4 
100. 0 
SAMPLE 19. ISHKOODA MINE. 
Mhrouch:20;tom 2820 0. ft Hees Saheb Sass seb aae ae | 100.8 27.2 74.6 25.4 20.3 
25HOl D5] St 0st Se BR ees Se 76.5 20. 7 80.6 19.4 1657 
BS le 252 See We. eset Skee Re 55.9 15.1 81.3 18.7 12.3 
AS SOlNOD 2 te = SS. os Se eto tea Se 31.2 8.4 76.3 23.7 6.4 
Gere HOTT HL Osc hnee, Mees ce <3 AE ee ere oe ok ‘29.8 8.0 77.0 23.0 Gea 
LOG A0NS 502). Ae oon. SE et ee eet oe 2 24, 2 “625 80.0 20.0 ee 
ESO? GT 200 tees 58 oo Ret es oo 14.4 3.9 80. 4 19.6 Sad 
Reel coteta net iueckat concn nee ences tad 37.8 DIOV {Ass seen oles eek ee 0.0 
| > 370.6 (A) SS Sap aee SAL Pope Wee! 70.2 
| 
oUt) CONCERT LES Mca Seam to ee a so Sate elas af ctenince se des ache meee percent.. 70.2 
SR ALLS eee ct Oar ee RR SI ie Be Ee te lary bi, Sieh nadine a do. /Se1052 
Se ee en a rd oS ETO S ACI raU ORI EE REE AIC Ctra iH tics § Sanh eng Se TIES ete do 19.6 
100.0 





a Slimes. 
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TABLE 1.--Results of crushing and separating samples from various mines— 
Continued. 


SAMPLE 20. ISHKOODA MINE. 


























Sereen analysis. Separation. ' 
’Concen- 
: trates. 
as Quantity taken for | Concen- ie 
Size of mesh. separation. fracas Tailings. 
Grams. | Per cent. | Per cent. | Per cent. | Per cent. 
Lhrough 2OMoOneZ8>. <ae.he Ws sc.net eee Sod A eee Se ent ose} 28. 6 57.8 42.2 16.5 
28 F0MMSOR 4.428 etisna. os baaee tae ae eee ee 67.1 23. 6 72. 8 27.12 yd Way! 
SO SOnES suit ke 235.5 RA. Ae Se 39.9 14.0 68. 9 oi 9.6 
ASNOMOS. too Ruteossce Bos Se eee 22. 0 hark 69. 0 31.0 5.3 
Gd On OO A SALES oo3 RRS: Ee et 22.0 WA 67.1 32.9 5.2 
1008001150. .1.8:39..5. Roe, Ae ee 16.3 5.7 70.3 29.7 4.0 
150 f0T2002 3 ee aE BE ee ee ee 9.5 B33 80. 2 19. 8 2.6 
200 ee Sader ties eee eS eee ae 26.8 @O04\ vededect2 Shas eee 0.0 
285. 1 100. 0 wo cegeeeec[ece see eeee 60. 4 
( 

otal concoentravess 22x. tue Cee ete CU es keh ee ee Bae percent.. 60.4 

SIGH AG Tc BEeRee «| 4 MER EON TOMI. BI RSORI Ope: HUME Ne OR ae MPN MED NE Ms NS ey iA do... 8er4 

Wa ALT ra OS St Ph hy sis sstes cnc rence ope ecyns cael cea ahs een Mak ORAS cater ot AER Se RR ER eh A ee do 30. 2 

100. 0 


SAMPLE 20, ISHKOODA MINE (UNDER 325 MESH), 

















TRATOUEH So eOTACl. 5 tak as to aa eat a ee P| 65. 6 28, 2 58.5 41.5 * 16.5 
48 <OnNO5. 2. donot 45 Jey, fe Sips 2 2 hoe pares h o) 36. 6 15% 7 Diao 42.1 9.1 
Gowonsd OOS a: steer hie pies Poe eee ee 35, 7 15.4 60. 1 39.9 9.3 

LOO JODALSOS Saree ge 2 se eee 29.9 12.9 64. 3 35.7 8.3 
150 sORs200 2 somes eS LOS Sey pea) ae 15. 8 6.8 65.1 34. 9 4.4 
200 eiaetel cc Ae mene: se ieee prs SS yaa oat 48.9 6210 2 2 | ee eed 0.0 
232. 5 10020 Wot sec eee 47.6 
FPotal CONCOMUPALOS He. 4 eciccita kines tok © as oe etree Pe een A a Se a) ne percent.. 47.6 
iii ee Us An iene p nt heme amr Cem) eee Oye 21.0 
A Len NB Sa ct Sy aL ea pnarat an saber 6 ars an IM siren Th: Taree ane ee ee do 31.4 
100. 0 





SAMPLE 21, ISHKOODA MINE, 





Paroueh on See oh. on AU ho ee ee 48.7 19.7 75.4 24. 6 14.9 
OB ata Rb Bake. 5 OM i a I 52.1 21.1 80.5 19.5 17.0 

Shin ase ae Ue A Rn 40-2 16.3 82.1 17.9 13.4 

18 ORS, Vhs. tb Bh ee 22. 6 9.1 81.5 18.5 7.4 

BG: OTSO0 ERIS. oc 5-2 ce Ree 22. 0 8.9 79.7 20.3 74 
100,0MI50 6h 5... SMe. ok 19. 4 718 82. 8 17.2 6.5 

150 OY S00. RM. LA. A 11.3 4.6 75.8 24. 2 3.5 

i Oe eae ie a,” a 7 SS B EY icles 309.45 G12. Bfcpcnn tect SO ¥ 0.0 

247. 2 rs Beene meen 69.8 








| 











Total concentrates: Phe 2 scobitue Cecchi eats dO 3 oon s ca ae cise Sree ene ees ek ae ees EE percent... 69.8 
TUTTOS 3s Seth BRN Sh OS eee reeesaeim cs etek Crea ere oe ert oor eae arenes eee do. 12.5 
Pathitas oe oeyhe cui: tee ot eth eb ea aio RE ee ek Mee Re ee eee ree ie Re A eens do. LILY 
100. 0 











- RESULTS OF CONCENTRATION TESTS. yi 


TABLE 1.—Results of crushing and separating samples from various mines— 
Continued. 


SAMPLE 22, ISHKOODA MINE, 


















































Screen analysis. Separation. 
Concen- 
; Quantity taken for | Concen- Bay tis trates. 
Size of mesh. separation. imabaae Tailings. 
Grams. | Per cent. | Per cent. | Per cent. | Per cent. 
OPER OR TIVEDS, | SA foe Saw cle Ges BES Wh wind tein ~ fe ee 120. To 70. 0 30. 0 19.3 
. ZSHOIMSS .: eee eee asec ice Se sce ore 94. 9 21.7 77.1 22. 9 16.7 
SHOMAS 2 2 ge ee oe ee ae 70. 6 16. 2 81.1 18.9 13.1 
BS ROTIOG! 2c ae MR ia acess te Bo ico he eas coe 42.3 9.7 78.3 21.7 7.6 
Bio) al Ee Se Pen ee ee ie -  ree 32. 8 G5 76.7 23.0 5.8 
AUG Cols 10 Eat) gee te Se ae a ee eee on ee a 20.7 6.4 77.4 22. 6 4.9 
PSO SON 200 4 oe Pe eS a on de ee 14.5 3.3 82.7 17.3 200 
BUR tate a tis acccatsiars wc ee ee IE Me oe a. 33. 5 CE ay Se CO pact eon a! 0.0 
Td alle Ge eee eer er 70.1 
A OTIC GOL GS Se0 0 co oo ce aac me tahoe page asec toe eo hE gs oes ieee Bee percent.. 70.1 
SO eae ele care ee chek Peau rea vase tos setae bak cheese rey oessseres do. aaa 
TROP so 0 Ns fa MR SA net mai dD th eles (STAD & Tian tee Aide a ie ety eer ae do Date 
100. 0 
SAMPLE 23. SONGO MINE. 

Logs COP ONE OS 2d te od 0 SBR eon. 90.9 25.4 63.5 36.5 16.1 
ORO OD ace te By eal a cs oe ee oe Es 79.0 22.1 68.9 31.1 15.1 
DOMOL AS wore Ween 2s as Re SR oe 53.9 15.1 72.7 27.3 ; 11.0 
ASTOR OD sor Bie nmek Aedes tas Se OE CoS 30. 4 8.5 75. 8 24, 2 6.5 
OFF O1L00 st Os hg es oo sk 31.4 8.8 76. 8 23.2 6.8 
LOO ROn: 15028 Bae ose Fe Ss dF cc 23.8 6.6 76.0 24.0 5.0 
D5 S00 200 5 ee 2 oe es AS ae 12.6 ale bs 76.0 24.0 2.6 

BR AANSG ee eee See fone hy bs. Me 36. 0 REO OI. other eae Pa amis ate ee 0.0 
358. 0 TOOSOS |e wave cesarean cue oe eee 63.1 
Matalkconcentiates. - +e kee eat ee eee a Se see es he ee ehloed vile eid Sree od per cent.. 63.1 
CUOp OAV ad «Sa aR Bes Se cen BAR ER age 2 ee eed Bn ene a a aD coe 0: stag lORO 
NETREGS Te aah IS a Soar eg ates yes EC TL es Op eee tap ny a en a do 26. 8 
99.9 
SAMPLE 24. SONGO MINE. 

RIN OUP Hs MOTB INe 42 eye a Nec Seats ae eee a cee 95.1 25.4 74. 6 25. 4 18.9 
FASE OE oe Biot ERED, i BR es. Sen ee ioek 20. 2 76. 7 23.3 15.5 
ORGS. Ae ced rem oct Se es ee 54.9 14.7 78.4 21.6 11.5 
ASE OGD. 25 te 5c Bae eee So RE cos oe 33. 2 8.9 79.3 20.7 (eal 
OSSOOM OO. S- Maze Stas oe aoa ee eee camer 34. 0 9.1 78. 2 21.8 71 
LGN Gs aS DE Sy spc A Ses oh! Spent 2 Se a 27.7 7.4 Gown 24.3 5.6 
ESO FOR 200 Somer dan oo ae te See Rene nae 12.5 3.3 79.4 20.6 2.6 

ci AS Sse 9 AE a ROS ae ey eee 40.8 OAV. 0» picicomientaw = prec eeee 0.0 
373.9 BO, 0 Oe Petipa ie ene ley ey te a 68.3 
AM ECELCO TILT SLOG Se tele cig 5 ala bor a yr eins wiki pie sins oblodadae ape pense Ge aaa eta percent... 68.3 
ES TRTTIOS See ae eee eR EI ISS tts argh nate SO Ee oS ONE NOS a a oa 9 COS 110 
STATI SGP eee eee A eee ea Ear ek ck eet NS ea Beak Pee ci diet eae sae Gt osen kee do 20. 7 
100.0 
a Slimes. 




































































28 CONCENTRATION OF SILICEOUS HEMATITE, eae ge 1 
TABLE 1.—Results of crushing and separating samples from various mines— 4 
Continued. 4 
. A 
SAMPLE 25. SONGO MINE. : 
a 
Screen analysis. Separation. 4 
ee . 
Quantity taken for | Concen- | y..); rates, 
Size of mesh. separation. rates Tailings. 
Grams. | Per cent. | Per cent. | Per cent. | Per cent. 
RCTICOUeh OD) SONnes Se nak om Sak oe ee a eee eee 88. 4 22.9 72. 8 2722 16.7 
7A, or aR eR Be a rteny The ae aap 4 T7.4- 20. 0 75. 1 Se a 
SBR CERAS Ee (Ue oi 1 Si oe SAR Pe, 59.5 15.4 78.0 22.0 12.0 ; 
AS SOMNGO a /08 teste ore ae sh aera otc foe ses tee 34. 4 8.9 71.7 22.3 6.9 s 
SR gt URI oe epee Sao. Meee Febery hea 35.6 9.2 72.3 IPF 6.6 Be 
LOG OR SO SD Sar ae Se ee tees See ce hee 27.5 Fol 77.2 22.8 5.5 
L505 ON 200 ees eco tne hore ete nae 17.3 4.5 75.7 24.3 Date * 
ZOO ER 2e 5 Bok oe Seen eed Nate sete eee hee 46.1 QQ sien ees seee ese saat 0.0 ‘ 
386. 2 THOM SaE ee aie eee ee 66.1 ¢ 
Total CONCENEATES Hs 225 Pea Pos 5 Shee) Seat ete hs See An A eee per cent.. 66.1 : 
SHmes eles. LSE SEER a Pee ae ed Pee eae ee Bote es nee el ee Oe. FAG a 
Palin goe ete os 25 Se ae Rae Ree ane eae eee $255 ese2SSRE SSS -herersheese st do: -F2--29 hr 
100.0 
SAMPLE 26. SONGO MINE. 
Through Weme7s.. | OW 2. LR a 96.3 25.3 67.3 32.7 17.0 @ 
23; Om 35/2 3 2 sop Soc 22 LAR seas 86. 7 22.8 72.5 27.5 16.5 ® 
BO 48. Yeh: Pc a ate 57.5 15.1 74.5 25.5 1.2 @ 
4870160 .2/4 ease re Sake. Ss eee roan 31.6 8.3 77.1 22.9 6.4 & 
GOXOTE TOOL. Bate PASS tes ae ee ae 30. 7 8.1 74.5 25.5 6.0 % 
TOG SOR 1503282 S25. epee ts 22 52 a aes ay 25.3 6.6 74.7 25.3 4.9 ¢ 
15000, 200 2 ta see oe Ss oka eee eae 13.1 3.4 80.0 20.0 2.8 on 
DOO sa st Mastek opts. (SORE ORS x 30162) 3 PLOud toc yrs wel See 0.0 @ 
= 380.8) 5 AOD0O: | 2 se caiae eke | 64.8 & 
Petal CONCEHLPAUOS, ss 3 Recs his Mera Beet aA ae cists, Seath | fraes orale rs eh or per cent.. 64.3 } 
ef Dose ee ee ee oe ee ps Se a es aes CME LL eS Ge Se ee do. ..2i0i4 
Tatlin gs: AO eas cee ke ve Stet cake Me Le eek Maa Denese coe sie Ck Mee nein pete pene mene oan do 24.8 
| 100. 0 + 
SAMPLE 27. SONGO MINE. 
Btifoueh IS 26.00 Ae. Pa ee ee eh pote. 9 26. 2 71.6 28.4 18.8 
28s OLN OO. aig fe tee swine ls Se Mae oe ae Sees a 92.5 22.0 75.8 24,2 16.7 
Sop OAS. 4. Eh as 1. eB. CO ae eels ae, 63.6 15.1 78.3 21.7 11.8 
GSS ORGR IS AE fe. ce ty SAMO bso? eee 36.0 8.6 78.3 21.7 6.7 
Fe ONO. Re oon Ps Seren eee ee te 35.8 8.5 78. 0 22.0. 6.6 
LOO; On) 1503-8 eee eo eae ee ees 25.1 6.0 75. 2 24.8 4.5 
BHU OTL 200 Foo Scie eyeae poe aes ee eee ee 15.1 3.6 86.0 14.0 3.1 
DANO stare arataiece Starerertielatieeos ater Suncare orate oe 42.2 GLO arac ated sepals se 0.0 
420.0 DOO Oils cyst Boe pe ee 68. 2 
Dol i 
Total concemiratese = 2225s ce kee en te ee ee et gens SN per cent.. 68.2 
AINGS 5 =.) PEE oc aa ae oe cece ae eee a ST ee Enea re ete a Ota 20e0) 
PALA ES) FPR tenets Ro Se A dbie Lee E ace hee oo Eo, Dieta ete ett ee dome. Tels 5 
100.0 





a Slimes. 
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) ore? vale ew 


bom 


Taste 1.—Results of crushing and separating samples from various mines— 
Continued. 


SAMPLE 27. SONGO MINE (UNDER 35 MESH). 






































Screen analysis. Separation. 
Concen- 
3 trates. 
; Quantity taken for | Concen- a 
Size of mesh. separation. Hiates. Tailings. 
Grams. | Per cent. | Per cent. | Per cent. | Per cent. 
COUP soe On 482: SMs.20.. 5 2 Ob os 5 .t BARS. oS. 72. 2 27.8 70. 2 29.8 19.5 
48, cio ee et en 2.) ee Re ae | en 41.8 16.1 71.7 28.3 11.5 
Gow Ole OOS Mstek se Ae ee aE 42.1 16. 2 69. 0 31.0 11.2 
L00;6n 1501.28 4... 0k eee, at eee E 30.3 11.6 69.7 30.3 8.1 
o OD: 200d Me Palos: tok Mee wa tt Seek Sn A 18.7 7.2 76. 6 23.4 SG) 
PANS Bok, ee Merten re ee eee ne RENE SL aa 54.9 COA Vs =e, =O eee ee 0.0 
260. 0 DOOR) 3 Sie epee ral de coe ne 55. 8 
; | 
peel) COMPO UR Oe ue ae eee et ae ee i ns Oa Nee ON pe oo per cent 55. 8 
OOYGENE Se co tc Oe orate a 9S eRe oe eer tae S| Sea ee WARE: SGD Se ne Se ee Ve ey er oO Paileadt 
BE FETT. = SR CN eB se ep ia 2 a Raney ei gi a Ge ae tee ee Rae do 23.1 
100.0 





SAMPLE 28. SONGO MINE. 
























































| 
BL ATOUCH 20500285 ste ee cs Lee ee 6 sit Rokeeen cue 108. 2 25.0 71.0 29.0 17.8 
28, OF SD ork eee 6 oie eS Se rae 93.1 26 76.0 24.0 16.3 
it Ole Me amet as, yey. ee ee ee 70.5 16.3 79.9 20.1 13.0 
45 BOt OO ae ES Coe ae Ce oan cee Se 40.5 9.4 80.0 20.0 (pi 
C5, Of LOOT ee a ae oe OnE eae ee 35. 4 8.2 78. 4 21.6 6.4 
100, OB 150 S22 eee ee ns Oe eee 26.4 6.1 78.6 21.4 4.8 
150, CEO SS oe er eh Dir ee ee CRG as pape eh a 19.0 4.4 80.7 19.3 3.6 
200. NS ORE ithe Rah Re ie Ee Pre Releseny Seite, CUR Sey tes 39.4 TE Re Sly Sah bh Sy 2 0.0 
432.5 TOO SOG) 3 Fe ee 2 ote 69.4 
crete CC OUCEM Lba LOS. amram ay cee cate ners cee te eae Rote noes percent.. 69.4 
NUTT eS, at ates ie ti Bae gence eee ie LST ee RUE, 20 bu NT oneentie Se a5 he Cinta allan ae d0-22. 4 Ged 
AMORUNTSVERSDS Soe Se Sea 2 phn eat ae ae a Ra lars Sans eet ee en ol pee do.. 21.9 
7 100.0 
SAMPLE 29. FOSSIL MINE 
BR OUTH 2ONOM COL. ct ae ee ae se eee Sesiclet 93.7 19.0 75.5 24.5 14.3 
DOL OD ciety ee eee eA ad IE DN 106. 4 21.4 81.8 18. 2 17.5 
MOU aS sc 2s Pe ea ek RN a Be a Soe 2 74.9 15.1 80.6 19.4 1202; 
ASMOM G5 2 2 US ere ee ite een ete Sa ae 49.5 9.9 83.1 16.9 8.2 
GOO LOO LS SE on adits. keene ae 46.1 Gaz 80.3 19.7 7.4 
OOM OR 150 sa es eh eee RS eee ees 41.2 8.3 83.8 16.2 0% 
LS OPO O00: Fee oe Ls eRe eee 29.1 5.8 84.3 15.7 4.9 
UR ae eee ee ee eae ax icc se ete 56. 2 C21 ties a ia te Pee eee 0.0 
497.1 100-0: Shea se | eae ee 71.5 
PROLACOLCA ULL ALCS eae as mie Ser eae eR eee oe Spear SA Toe ee Sa rams sd eee es per cent 71.5 
A ates cout gee Bie Bhs ith hk Seen AR iy Sel heh a ai 5 As ions Eee. etapa i tert apt ey ele a (0) 11.3 
SEITE See eee eee eet ere mR Cen keh eed oN ea ere te ah tee UCN Bake COssean bez 
100.0 
a Slimes. 
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TABLE 1.—Results of crushing and separating samples from various mines— 
Continued. 


SAMPLE 29. FOSSIL MINE (UNDER 35 MESH). 


Screen analysis. ; Separation. 


Concen- 


Quantity taken for | Concen- trates. 


Size of mesh. separation. trates. 


Tailings. 








Grams. | Per cent. | Per oe Per cent. | Per cent. 





















































ALOUD. LHC, CRN. | A Abe feo 31.9 16.4 76.3 B72 We 
6500100. ee. oe ese ae Se ee oe 29.6 15.2 73.0 27.0 Hic leat 
100508150)... a8 = SA ees oe oe sec 23.5 12.0 74.9 25.1 9.0 
P50 POUG200 Leas fake peels ee 4 Ree eee 15.9 8.1 71.9 28.1 5.8 
PL Oe ae eee emer oe See IC Se Lt oa 43.8 G22 on ct oe ls. 5 cee eee 0.0 
195.1 LOO. Oi soa erent | Pree ee: 58. 4 

Moral coMGen trates. Wake fae goths oie cielo em dang ee a ie ce eee ee ee percent... 58.4 

PO LIEITCS gus, fo Sc he Se ee gir Mert Lac te aya ete icters ae vee Wie eee eet reat eas ae ee dO_2. R225 

PAULIN GS » oie sisieow- = 2 2c on ein ee nidin eee ng neied sa cee ee cenee cre ad enna seeing cera enel ae do. 19.1 

100.0 . 
SAMPLE 30. FOSSIL MINE. 

Ditrough 20 AOUNLS succes roses Maen Bere ae 108.3 24.4 69.0 31.0 16.8 
28 SOMO Soa parece misses Ea eee 101.5 22.9 75.9 24.1 17.4 
SD OMA Feels sek eae ai coe eee ee 70.5 15.9 vets 22.3 12.4 
485 0INGO) Kae esse tees a Ree eee 40.1 9.0 11.5 pea, 7.0 
CdROT 100 3 Sea ees. cae Poe a= eee ee 40.0 9.0 74.4 25.6 6.7 

LOOM OMY ISO nee cree core ae ee eee eee ee 29.2 6.6 76.1 23.9 5.0 
aa OM} 200 Ae ete ce ae ke eee ee Se eres 17.2 3.9 76.6 23.4 3.0 
Pe et Ako em ete ais tates Bell Oyen ene ae 36.8 B34 eeee es | ee eee 0.0 
443.6 100.0: |... ees 5 e eee 68.3 
otal concentrates. sus concoct oes oe ee err ate ne ee ee per cent 68.3 
hed Ou aN epee cai cee tpl Nt A are Rae Py ere Sea dee can Ae aie Prem ns Gee Re He me de te Ocoee: 
pl APS be eV egs ete Me tase ee ees Ae ge es, Aree est Se yee ett ich et RA Re A eh No hat, heme Ses Soa! do.... 23.4 
100.0 
SAMPLE 31. FOSSIL MINE. 

Eohrouch' 20m Oi 28... 2 se et. pee a = eee 106.3 25.3 67.3 32.7 17.0 
DE AOSD os CMe UI cco Be Be Se A ei ee 92.9 22.1 74.6 25.4 16.5 
oO 48 |. Rae ies 0h oe Se Se eee ce 64.2 15.3 77.6 22.4 11.9 
ASM OM Goi- ys 2 omegee 6 as Cee 7 oie eine eRe cs eh 36.5 8.7 77.8 22. 2 6.8 
Gb 01100 seas oo. bee eo a ee eee 36.6 8.7 77.1 22.9 6.7 

LOO MOTI 502.6 saraac:. Oc a ee oe ok 30.3 Woo 75.3 24.7 5.4 
150 S0ns 200 spec cele cick e: he eek eis oe IS race 16.0 3.8 74.7 25.3 2.8 
Vil) aN gra aoe we aneereesnaries Ape des Ma 5, ack hate oS 37.5 @B.9 |e eee 0.0 
420.3 10030 |. Sader se a. c eeee 67.1 
Total concentrates: cs cei. miss ake he eee ere ee ee Pe Sena per cent.. 67.1 
po) bah eg, CE, 5 NES genie ey Oh ORL TR a Bi. oy Coe eee aie <td evan ed adie . Matte GO... cane 
SEU TTU GES ewe tec, 2h creer ata crche, oA] e See Secret na) rescore eT Re eI one anne © re do.... 24.0 
100.0 





a Slimes. 
























































RESULTS OF CONCENTRATION TESTS. 3 1 
q ; , 
: ; A 
TABLE 1.—Results of crushing and separating samples from various mines— 
Continued. 
SAMPLE 32. FOSSIL MINE. 
Screen analysis. Separation. 
oe 
; trates. 
: Quantity taken for | Concen- a 
Size of mesh. separation. trates: Tailings. 
Grams. | Per cent.| Per cent. | Per cent. | Per cent. 
RMT A OES 5. 2 Ceci? =n x ccle Ss SOU 52. Se RRL Se 109. 27.4 77.0 23.0 21.1 
QSOS 2). t1e Ont oss hE. Osos seSeEE . <2. 80. 0 20.0 81.8 18.2 16.4 
DO POMBO char ee eee oe UR ek Ae ee eT 54,7 13.7 78.4 21.6 10.7 
Pe So eee ae eee ot oe ee 33.8 8.5 77.7 O75 6.6 
Gamer OON 2! eee = occ) wees oes id oe es ee 82.8 Sao 76. 2 23.8 6.2 
LOG SOTO Oc oe Pah soe hk ge Be ots ood of RE bi 2 30. 4 7.6 75.6 . 24.4 5.7 
LOU Bag 2 O00 et ces ap ds Cle Bu tae ee 19.7 4.9 78.1 21.9 3.8 
SO eee ge cht eee ees See sss Sack eee Pees 38.6 OO UIE Pacem incest cane 0.0 
399.5 LOOE OMB cme teens Sater 70.5 
TROpal CONGINTRIOS One 5s a ie,s «.6.5\53.6 oe en Beta en nene Sete agate arias pac ace scdt percent.. 70.5 
PMCS See nae este ee ee nae e Pee e a ee Se ee ee eco ee ce neens do... bea? 
URELAR LTS Rete esta ee lars nia SS Teale Foe a we Aare, oe em mas UA Re Me i gts id oc Co a do 19.8 
100.0 
SAMPLE 33. FOSSIL MINE. 
TOUS INOOY OT 28 a0 so Ase site oe cise so ss itate Sos Sse 96. 8 25. 7 69. 8 30. 2 17.9 
ENOTM ERD Sas apa Moos Sole iete lame S's) Saute eM eco! 82. 6 21.9 78.1 21.9 17.1 
i SOOMAS Se cA Shs a SEM otc dBase ee 2 58. 5 15.5 80. 7 19.3 12.5 
ASR GING Oe «has cc dea ne ote cc DS eS Os 34. 6 9. 2 80. 8 ~ 19.3 7.4 
S5pdrH200 2S.) 0685 2650 LO ee ees 30. 5 8.1 79.1 20.9 6.4 
LOOMORD OSS eS Os oR BSS she 3 ARS e 2 25.5 1 6.7 79.6 20. 4 5.3 
SSO eBedihs 5 0} Mac ess ARR >, 14.2 2% 77.3 22.7 2.9 
BPS Re oo tas ae e Soh os tds bates sss 34. 8 a9g.2 ee 0.0 
STP LOL 4 io ea be | 69.5 
: ; 
AS 8 SY To 2 Perr eee Se re eee es eee ees percent.. 69.5 
5 Pi LUahOS See Reis MEO SS Boy). coe eReR ROR CERAM CRRA MC Shas Pe ieewe $20 tees eee deren Oe 
TRUS CS 2 Prasanna ds sed gnnangassedaaeesdasdod asbeusde pdokaassadneraseeteee ds do..-. 21.3 
100. 0 
SAMPLE 34, FOSSIL MINE. 
Meredch 2000S 106. 2 25.8 63.8 36.2 16.5 
r POPOL OO aaa eee belo eimai Rice oein ete a infetiale aie ait 88. 4 21.4 72.7 27.3 15.6 
% BO; ORES oes cle te ae e ae asd eee =o ea. oe 64.3 15. 6 75.4 24.6 11.8 
AS OTUGH n)< o.<t- Se Stet is st ARSE ele Gea 36. 2 8.8 73.9 26. 1 6.5 
Hoy ONGROO IS ci te ame ie icicd ee Sees race fey hag ce 33. 9 8.2 73.7 26.3 6.0 
LOO? OnekS0: <b 25 96- < <1 42 fhe = = eee sss 26.9 6.5 74. 2 25. 8 4.8 
ESO) OI200 |... BR od ER ee cite BEES 16.9 4.1 75.9 24.1 3.1 
UP hs Se A es Ei eee Te Ae Pees Pe Ek ee oe 39. 7 BONG a ons Sesrelni = oie see tele 0.0 
} 412.5 100: lc a Jeo oot Bee 64.3 
. BRO UeaE CONCOMULAUOS See so thete Hosa ole wea he ROS one 0 eles Deis ote AE tcl Ce ae percent.. 64.3 
RUM eR re re tree ae gan re oe PAS sin Go ans mete eam we ne MRS ie Selah dm aw ates s dO. 252m DO6 
TSUINES = Seecteaa- - = «+ Pec cpam Sane aCe e ue WA o5 Tes Oe haan sh cee ed na ges Sek wie wp <n do....- 26.1 
100.0 
a Slimes. 
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ao CONCENTRATION OF SILICEOUS HEMATITE. 


TABLE 1.—Results of crushing and separating samples from various mines— 
Continued. 


SAMPLE 35. RUFFNER MINE. 





Screen analysis. Separation. 


Concen- 


Quantity taken for | Concen- trates. 


separation. trates, | /ailings. 


Size of mesh. 


Grams. | Per cent. | Per cent. | Per cent. | Per cent. 








Through 20, on 28....-- Piss sele Dante. soe een 129.3 27.1 70.9 29.1 19.2 
28 OT) BOs a. sat cites ae Re esas erent 113.4 23. 8 78.5 21.5 18.7 
35,700 48 2. So ese is soe Sede he late eee a = 78.5 16.5 78. 2 21.8 12.9 
48, B95. OES See Ra 35.6 7.5 77.6 22.4 5.8 
65, 010100... U2. zodorh eet fondo mee dee 37.7 7.9 77,0 23. 0 6.1 

100, ort 50 5 LP ee a a abt ise cis elec ie ore 25. 6 5.4 LOsa 23.3 4.1 
VSO OTT 200 5 A EEE so nelste Seine co's gle eee eine 19.5 4.0 80. 0 20. 0 3.2 
VE ceict es ne $200 59 SCORE oS Sheres nto siioe Se 37.4 G78 0 2 yokeeesl aaae ses aee 0.0 
477.0 10050 jo .cc5:26 = SO Sees 70.0 
Total CONCOMETATBS Sa o.o. nj ar arate tain cieicta ee aie he SRL ERs GEE EES TESS ULEELSRARSES percent.. 70.0 
SULIT GS sae teats arm Fo ante ate tre aay, Nar A eA A Oe Ae TS TTS RTE do: 
Wailing IE. cnc cadce cede odeve ch anndacoe ssi asdsened Iter eae see ares Aenea pes do 222 
100. 0 





SAMPLE 36. RUFFNER MINE. 














Through’ 20, onr28: 2. 4shse2 2. 3-2 A Ae se a eee oo 95. 2 25.3 66. 4 33. 6 16.8 
DS, OMSOs cafemcetets au sb Sephea as 25 Aa gees wee 79. 2 21.0 74.4 25. 6 15.6 
308 OAS os ee aige o's ¢ ESR e eae Behe ek 53. 0 14.1 74. 7 25.3 10.5 
48, ONWGow nods 2. Reon - SE eee. ee eee es 34.5 9.2 72.0 28. 0 6.6 
65, OINAO0. .asee- 3 sos 12 he ceon Me ee 34.7 9.2 70.7 29.3 6.5 

LOO} OT g250 3p Bees Ge - e fe oae c ae eerie 25.9 6.9 70. 5 29.5 4.9 
T5OR 01 200 cs are at ecinie «eMedia Me Reece 16.7 4.4 70. 0 30. 0 3.1 
SER evs air ete Ree eee. me es SY 37.1 QQ Qi ie. eoSein aivtcl emis ee ioe 0.0 
376.3 100,04 gancees se eee 64.0 

Total concentrates.....-..-- pede gc sen aljeue een er MER eames eee Eee eRe ee percent.. 64.0 

1S) haa orc enter Ee a VER et SIEM IS Se ao ne ater SS do. .-29h9:9 

VOUS Mada sce weiss er sk ys oSivinh in aie a tae alrceintse & Db dns nes eh svete eicg avaiekuee sen te me do 26.1 

100. 0 is 
SAMPLE 37. HAMMOND MINE. 

Through 20; anja. 6. 6 hades ods AR A 103. 6 25. 8 74.5 25.5 19.2 
29; OUR. sic Sh eases) Saab ero eee oe 92.4 23.0 83. 8 16. 2 19.3 | 
35; OAS 22 2 Ns Segao. 2 6. Pe ec eee eaecce.: 61.7 15.3 80. 4 19.6 12.3 @ 
48) OMG. se teikaotc. Shae ce cece see an. = 32. 3 8.0 80.5 19.5 6.4 
GS) On00. 2 ROS... - FEB. se et 32. 6 8.1 82.6 17.4 6.7 

LOO 0D 60 soa calc aclnctr de tee as etc Se 27.4 6.8 84.7 15.3 5.8 9 
150, O18 -200 orcre aren Ho oral clare sttore ees ee 14.1 3.5 91.4 8.6 3. 2 
Kegiies sens Ham iucnt ned OR. ok ME... 38. 2 OD cheece veers eee 0.0 
402. 3 10030 ait sttoershagees cee 72.9 
Total concenbratesic's joins 26 les gi aeiinnetret od nat iat hg rath A Aa am bothote percent.. 72.9 eh 
MINOR G's 34 vs ce kale se amends ceeeerseweepnaepiisncreelcann Recats save tute oes te aaa ae O 9.5 ‘ 
TRAM GS ood a nos 5 caine a be seine Gale wait eweas Cee wee ance a Seis ses acre uot oe gh hates do 17.6 ; 
— » 
100. 0 
a 
aa 
a Slimes. 4 
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g TABLE 1.—Results of crushing and separating samples from various mines— 
Continued. 


























SAMPLE 38. RUFFNER MINE. 
Screen analysis. Separation. 
fees 
: . Quantity taken for | Concen- ” rates. 
Size of mesh. separation. ea Tailings. 
Grams. | Per cent. | Per cent. | Per cent. | Per cent. 
MET OUS OOS O28. a sar cian os sci te Naito cin vaerngy ae = = = Oe 103.9 29. 39. 2 60. 8 11.6 
ARO OO NBs 8, acahsoxpsl eva sierniavnsnrcic 5 ralp cena oh 86. 1 24. 6 42.8 57.2 0. 5 
SOS OWNS 2 od oe cE B cars dene soe openness ahs 48.4 13.8 51.6 48.4 ipa 
CAR Ti opie Peep ape meanannOie pire pee ene 24.6 7h) 60. 3 BOnG aoe 
65 5:00 100 5 crew es wow eda wey ag bell ode sve 25.9 7.0 65.4 34.6 4.8 
POOR LO teas oe ae OR eee eo 20. 2 5.8 63.7 36.3 3.7 
FD GEN DOO Pa saiten ss ore» ciel ORO RP aS eee 11.8 3.4 66. 6 33. 4 2.3 
Lyne AE ao MS IP es nel ane RENE lire ee Aire 29.1 CORO eL Bose oad) NEAR aOOEe 0.0 
350. 0 904 GE lean Sarees [eet ae eree 44.2 
Ca MCOMCONUT ALS a ia= cet wan ee ee ome re ioe ie ecm ad eae eee sana sae setts percent... 44.2 
DUTT OS See rere ee oe esarere ct ee CREO Ba at eth te tate a ie areal aeaiee te RA A AS aes 0. 8.3 
AURA. os ty VS See Bd Se BRS ER SSE SAS be lee mrad BeISE See SC emer do.. 47.5 
100.0 
SAMPLE 39. HAMMOND MINE. 
SEROUS 208 ODN QS 28 Ok ek «Rie ctoins Sais ake PAD <= Sie 81.3 20.7 74.8 25. 2 15.5 
OM Dic. <s Sees ol MS winais aa aie ote Mees 2 ale elo 88. 1 22.4 66. 7 33.3 14.9 
BO ONN ES coe gee han n ctamce tow cau ea cones 60. 1 15.3 61.0 39.0 9.3 
35, OU) OO creek wc on 7 hss Jee A Ue ea ee 33. 2 8.7 86.5 13.5 7.5 
Gb. cmt 100. 5.6 oS - ee oc = ps «ce Make ie e ak 39.7 10.1 89.6 10.4 9.0 
ROO 7 Ot SO Sy cis sry oes Bek ec ace See Se 30. 6 eG 91.3 8.7 7.0 
- 150, Ol 200 Tan see ora mere ee eae ee aoe 16.4 4.1 90. 4 9.6 Shi 
Soo ROS. OF ¢ SEER PERSE eS ano een 43. 6 Cn MUSK Ae al es td bs ese Re 0.0 
393. 0 (1g bee bet od eka Nd 66.9 
ova CORCENTEALOS een ae are wera tete dae eae ecco rs cenede ch re's at percent.. 66.9 
LIMOS the acc ooo eeee Cate cece bank Soe ce = ae Pee ee oot ecm e eer ee esess sce saee dow 11.0 
ANN SSS 2s eed a 5 kn train EA © Sh = Oe aE OR ES NOGEIE « 9 SE EAE EE Sola nnisic a sane os 2 dows. 22.3 
100.0 
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TABLE 2.—Composition of products and recoveries of aoe es from various 
mines. 


SAMPLE 1. ISBKOODA MINE. 





Ratio of - 

Products. Fe. SiO2 CaO oe aes concen- 

* | tration. 

: Pcr cent. | Per cent. | Per cent. | Per cent. |Per cent. 
BRE O freee ee Ue e's 2 sia laid 3 SE 32. 10.3 Disk 100. 100-2 toe eee 
MPNCANETALCS -2%.. 2-6 cles ro.nc cose a tec 43.5 7.0 1226 80. 7 38. 2 1. 74 
SECO ens eae asprin AER ae INE es ae 33.9 leo) | eee eae 10.5 6 ieee 
MG eee Pe nets ce orte ct ora ete 8.2 E746) Pees ee 8.8 BFS eet see 
Woncentratess-slimess: ce. 2 2028... c 5. 42.1 THO (pate ate 91.2 44,9 1,49 
SAMPLE 2. SPAULDING MINE. 

ENTIIG Oe Se tts eos, aoe oe ml meses 36.9 20. 5 Tek 100. 0 LOO Oa eee aeyaee 
MRSCPHUELA LOS 2h seo tte a el eae eee 46.3 10.9 18.5 85. 6 34.4 1. 46 
TIVES cet SPRY Ee Se oe rN ao seats 44,8 |: Oe ier de ces 8.2 Si Sula, ae 
BOTT) OS oe te Ree IE ene ie ne wird mies OE 9.2 AO Bees oe ya 6.2 Ol Salo. See water 
Concentrates+slimes..........-..00-eee0e- 46,1 PTS QUIRS Soeee eee 93.8 388. 2 1.33 




















34 CONCENTRATION OF SILICEOUS HEMATITE, 
TABLE 2.—Composition of products and recoveries of sainples from various 
mines—Continued. 
SAMPLE 3. SPAULDING MINE. 
_ | Ratio of 
Products. Fe. SiOz. CaO. Total aia concen- 
3 : tration. 
Per cent.| Per cent. | Per cent. | Per cent. | Per cent 
Crise 2 he Soe lide Aree ee, bp ea ball 1s OES arses 100. 00:0 kee eee 
Concentrates ero: s soacan an ce coeinee the 46.2 PG AN Seo: 83.8 34.3 1. 54 
Tm es Wi. ewan ated ec areues. ae coe ote 40.0 SLOMES sx Semeiete 10. 3 Of cles eeceree 
AUB OS sc Coen alee oe amen ee vee ee ee 8.2 Bar ieee: oo eee 5.9 5 ej a 
Concentrates+slimes...............---.--- 45.4 SLO ecoe ct 94.1 39.8 1235 
SAMPLE 4. HAMMOND MINE. 
Crinios fe hen Seana tc one oLe tee AN eae Rosia lotclers oe 100. 0 TOO. O00 is eee 
Concentrates .occc ceo ars cence eerie ace 52. 4 SW ges | ety yl 80.7 21.5 1.85 
TTINICS Grote sare eee eae CER ena icine teller oa oe 47.1 SSA0 Ae eee oe 12.1 4797 tere eee 
RAIN ge wire eee reser oni hae wee see 6.8 Sic 2ule seers 7.2 13: Obl eee ce 
Concentrates+slimes.......-.....-----..-. 51.7 PSs aleee see ase 92.8 26.4 1. 59 
SAMPLE 5. RUFFNER MINE. 
CYUGO ZS Bene ee er ee ee eee 28.8 31.8 10.2 100.0 100.04 Se -eee see 
Concentratesis = 4 Some ee ee 40,2 20,2 6.9 11.2 30. 2 200 
BHMGG 25-8 aoe uo ee ee ert ance oor 40. 4 1d, Ouest eee 16. 4 4.0 .jos2pe eee 
Wailin gs. ot oo: - binds Momtes ce ott dee ae te 8.7 Sia De hig i Se tt 12.4 G5n8iit aepesd® 
Concentrates+slimes.............-----.--- 40.3 DRS )al Maes Sere 87.6 34, 2 1.65 
SAMPLE 6. RUFFNER MINE. 
¥ { 
CPIM Beale Raat teen i Ne, Di BS eas 28.8 2OR ONE eset 100.0 P0004 Feo ce Bes 
CONCENTTAbES coca 22 occas ae ot ee fae iae oe Seas 43.7 POMPE on 2 slvr 64.0 22.3 2. 44 
PMCS Se Bete ee ee a ris ae 34.5 TOME ee ee 24,4 S41 eee 
ARSON Perils Fo aaa ead 28 DAE Soe a earls PL epee SUTET Wei aicee 11.6 60-3 eo eee 
Concentrates+slimes............-..--.---- 40.7 POND o ae 88. 4 30. 7 1,65 
SAMPLE 7. FRANK WHITE MINE. 
@rudes: ovo0soccscr coches swsarecise: 45.2 26h ince set 100. 0 1.00, Q:lsoceaeee 
eneemirates cn) ace «anes onc ok eeeaeeeees 53.6 ue Pl Pete Sn 84.1 32.8 1.45 
POS eee Gee ee eials tet eee Eu kam ae piesa hh WPAN Fs tgs die gaee de Be) LL ADS Ae ee 
RADIOS. Sea ate tt ce een eee ere 8.9 SLD Wess ae ee se 4.4 63,05)... eee 
Concentrates+slimes................---.-- 53. 6 LIST Ee 95.6 37.0 1.28 


a le eS 





SAMPLE 8. FRANK WHITE MINE. 


Tailings. . 


fee eee ee eee 


ee 





Ss 
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TABLE 2.—Composition of products and recoveries of saimpies from various 





mines—Continued. 


SAMPLE 10. FRANK WHITE MINE. 






































| x Ratio of 
Products. Fe. SiOz. CaO. het prt concen- 
E tana, ae UL NGLOLS 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
PUG CL eos etd oe cr hee de see ASerch cinncce Te 45.8 ae Lalo. See 00. 0 100: 0; |22aeeree 
RVONIGCHLNALESS. 0 otk Be Saee dec sewn ence SS 49.8 OCT SI. cacti 69. 7 47,2 1.57 
SOLOS is ee hel cece ae aE OL heed ce ccc ee 53. 7 12 iol ROS lr 28.0 AG ered eres 2 oe 
SOTTV STE, 4-98 ~ “R  Oe e*  Nle IDI RCLN ae 8 8.4 | S| i ee baie 758 ALT: |aaeeeee ee 
Concentrates+slimes..................---- 50.9 LC Sl eee cee 97.7 58.9 1.14 
SAMPLE 11. RUFFNER MINE 
OTA Pie Rae a Ua Rg eee eh eee eA 27.7 34.3 10.1 100. 0 100.0: Labs 
CONCOHUALCS of os! SRAM a toate ae ce eae 44.0 Ate 4,7 61.0 18.3 2. 67 
PS TRERLOS Se eee ces ley We ek foe ae 39.1 1B (te DA EES 24. 6 bed. Bee 
REE el a ead ON lee ee ® 1 8.6 TC yh SS 14. 4 76.2. (pare at: 
accentiatas tained: A «| MRT ener Me a 42.7 INS elf (eee, pane ee 85. 6 23.8 1. 83 
SAMPLE 12. SPAULDING MINE 
CRAG sa 5 he ot oe ee 35.9 DEO fee scae eas 100. 0 100,:0: taeree 
Concentrates. ER 3: COREE Ee PE See 45.5 PUG es be eee Fe 83.1 Dis 1.55 
il it tsp ars os.) 1) ieee ae) Seen eaner apyrarar it yer e 46.1 1A Ose te ssee 9.9 or Selte ee 
Pe athin ocr k eo Oe oe Ue eB amet ae 8.9 O85 44sec asecse 70 68.5: sans 
Concentrates+slimes..................--.- 45.6 4A Un eae ee ed 93. 0 3125 1.39 
SAMPLE 13. SPAULDING MINE 
STATO ees tae Ss oc ds sa Ss Sse Sat 36.8 26. 2 RES 100. 0 100-0" 2.222 se. 
WOLNCENtrAteeie ne oe ee ee ey ss ee 45.6 1352 7.6 82.1 30.8 1.55 
VITIRIGS cies eee es Sk SER Pe ebay Sate 46. 4 TBI AWARe saat 10.8 329 -le 5 SE 
SP AILITIOS tee Poe. co Se Mh ence see cease 9.3 66:0) tines soen'se % G5: 3<| foe ee 
Concentrates+slimes...............-..-.-- 45.7 Bee 2 eee 92. 9 34. 7 1.38 
SAMPLE 14. SPAULDING MINE 
Di mb 0 OES Wes Se eer en Ue 8+ | ee Oe a 35.0 Zl edeh ete eee + are 100. 0 100.Ouka cee ee 
Pe OUNCENEEARCS Heat ake oss cigees aa aSineck ae 45.1 Se Settatouew se ae 81.4 30. 4 1,58 
RINGS AE EER CEL tage Sota he 44,3 147 Oo aaa os 11.6 4:3) \cceee ia: 
eilinies yet. : 25 Bat 22 en. joke cee se oe 8.7 GOES eens es a2 7.0 G4,8 Soe see 
Concentrates+slimes.............-..------ 44,9 LSeGclsu. oueee os 93.0 35.2 1.38 
SAMPLE 15. SPAULDING MINE 
Criido..- he oot ae ae ob deacon 36.5 DORIA |S Ver Soe 100. 0 100::0: Goce neeee 
ancentiaere- 4 bites: 20. oak eer ae 45. 0 AA (yl Pos eee ote 81.4 32.8 4.55 
ETHOS ee eee cee ee oe, ee a ac aeee 44.4 14 A eae aoe oes 23 bo.2 lcs Ree 
atanegs Sete a) aw ok Pe 8.7 GOLs [incest oes 6.3 62: 0: \Saesieee: 
Concentrates+slimes..............-------- 44.9 Pa Do Spee oe 93.7 38.0 1.35 
SAMPLE 16. SPAULDING MINE 
SECC et ey epee 2 a eS ee eS 36.9 DOVE ME Le ee 100. 0 1003.0 ec eee: 
SONCOMETH LES es Chee Se eee 44.9 ABo A ileeses coos 81. 2 31.1 1.54 
SINGS ote hs BN he yale ee es 46.5 LST rises ee oe 12. 4 ASA’ |. Seeieaee 
MS oe LB re te ea 9.0 ON i ees ere 6. 4 64..5\. [Soe 
Concentrates+slimes................-...-. 45.1 os Ouleson xe ho 93.6 35.5 1. 34 


36 


CONCENTRATION OF SILICEOUS HEMATITE. 


5 


Taste 2.—Composition of products and recoveries of samples from various 
mines—Continued. : 


SAMPLE 17, SPAULDING MINE, 















































Ratio of 
: Total Total 
Products. Fe. SiOz. CaO. fron. alica: 7 
Per cent.| Per cent. | Per cent. | Per cent. |\Per cent. 

Grude.cc VAG. .. La oo e eee ee 35. 0 215i | sees aeee = 100. 0 100304. Sere 

Concentrayes®, 6.0. Sb ae 2 eae ss eas oe 47.7 pS a eat ack he $237) 2 * S28 1. 60 

SlTiImOes OF 3 arse pry Wee Os ee eae eet 43.3 Vasko 2oe Srs2se 11.2 5:2 ‘eee 

Malling (s (eeec ee Se he eRe? PSE Se 8.4 66.4 (as csreoee: 6.5 67.0) Sane eee 

Concentrates and slimes. ....-. ed Ea te 47.1 Da edhe shea a 93.5 33.0 1.39 

AVERAGE OF SAMPLES 12 TO 17. 

Croudestatan 2s IE ae eee eR 36.1 26.8 hecD ASS ec Bie Rte oe | 

Concentratesh:: 3.2 WA oo oe 45.6 13.0 FA} Si. 9... eee 1.56 

SHIMGSeCe Goh... ee ee ocias bree om eoieoe ck 45. 2 14s 2 lasers cass Selection Bees led aoe eee 

DAILINGS Goes hens cca ena ae eae ce P2828 Ble dilace ge ererelhcnntdeatele sacs Suet ees 

Concentrates:and slimes! ....202-c2ssecc5-8 45.6 137 Bele keane 93.37 S- Saeee HS 
SAMPLE 18, ISHKOODA MINE. 

Orude> Saree Ae oc: once ae 3a. 29.7 8.0 100. 0 100. 0:)\\... eee ee 

GSoneentravesge: oo. be wee ea bo cewe ses oy 43.7 14. 2 Parl 80. 6 33.9 1.55 

GULTITOS se Pe ct ae ce ee 45. 4 1S: 2) toes ey ee 12.1 4.3 ie ae ee 

TRINA Bombe ee oe a ces | es Oe eae 10. 2 GOnorleeste ss 163 61. 6) | sae ieees 

Concentrates and slimes: ................-% 43.9 (4tO prea Soe 92.7 38. 4 1. 34 
SAMPLE 19, ISHKOODA MINE, 

Crude: 4 sae ot ee ee Se eee 39. 1 DORs a ee eke 100. 0 100. 0 |: cee 

Concentratesa. <i pane a ct S 47.1 LOZGH IE eee ee 83.5 39.8 1.42 

Slimess tea. oe ee Pee Fe 45.3 a CE oh eis Se 11.6 5.8 |, seu 

UMS T EAT ia<\ ae Ce Oa a es ae ee er 9.8 BQROB|E. rae wees 4.9 54.4) | eee Se 

Concentrates and slimes: ................-- 46.9 TONGS a ae 95.1 45.6 1. 24 
SAMPLE 20. ISHKOODA MINE. 

Crude. ...: EE ee PE, oi ta Sokid so seSe 32. 4 DOR. ere ere eee 100. 0 100: 0)... Eee ee 

Goncentratest ) 2 )..<if cb $Pe acesncenlamaceee 42.3 GES bal eee ee ore 80. 0 34.5 1. 66 

Slimned see Meke tas Fee a bo ae 39. 8 i pF) eens eae 11.7 4.10). eee 

Tat ne Ss 1 We Sh Gu Eo i ee 8.8 yc inva (ee ee Po oF 8.3 61.4, | pee 

Concentrates and slimes: .......%..-....-: | 42.0 pd op Loe sons 91.7 38. 6 1. 44 
SAMPLE 21. ISHKOODA MINE, 

Criidos i ee Ee ieeicic erst ok 42.3 TS 52 ae ae ee 100. 0 100:.0.)2 << 

Concentrates 48.9 eal es oe Oe 81.4 37.6 1. 44 

Megas ae 7 PO ee ue ae 49. 0 1 522 Pe ewe Ot 14. 6 108 |e 2 See ieee 

Tailings 9. 4 55008 bees 4.0 54. 6: eee 

Concentrates and slimes 48.9 OES Bl ek eeiGicinis 96. 0 45. 4 1. 21 
SAMPLE 22, ISHKOODA MINE, 

Critdé. ck 8 RE. 2 ee eee 38.3 QOR2 es aoa 100. 0 100.0]... eee 
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TaBLE 2.—Composition of products and recoveries of samples from various 
mines—Continued. 
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TABLE 2.—Composition of products and recoveries of samples from various — 
mines—Continued. gs 


AVERAGE OF SAMPLES 23 TO 28, 
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TABLE 2.—Composition of products and recoveries of samples from various 
mines—Continued. 
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NOTES ON SAMPLES. 
ORE FROM THE BIG SEAM. 


SAMPLE 1. ISHKOODA MINE. 


Sample 1 was taken in No. 13 slope, 6 right heading, near the man- 
way. The upper bench is here underlaid with a $-inch shale parting 
and is 7 feet thick. The sample was taken across the entire bench. 
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20-28 28-35 35-48 48-65 65-100 100-150 150-200 <200 EB 
Figure 1.—Results of tests of sample 1.¢ ‘ 


SAMPLE 2. SPAULDING MINE. 


Sample 2, from 1 left heading, cross left, 700 feet from slope. The 
Big seam has no parting in this mine, so that the lower limit of the — 
upper bench is an arbitrary line, and the upper 11 feet of the seam © 
were mined when the mine was working. The sample represents the — 
entire 11 feet of workable ore. 


a ee 











SAMPLE 3. SPAULDING MINE. 


Sample 3 was taken from 3 left heading at the breast and repre-— 
sents the upper 12 feet of the seam or the part that was worked at 
this point. 

Instead of the concentrates and tailings for the entire sample being 
analyzed, the concentrates and tailings for each mesh size were 
analyzed, and the composition of the concentrates and tailings, as 
given above, was calculated from these results. The analyses of the 





“In figs. 1 to 47, column A shows, in upward order, the percentage of concentrate, — 
slime, and tailing from the sample, and column B the percentage in each of the total 
iron in the sample. Upper broken curve shows proportion of total crushed ore in each 
size; lower broken curve shows actual quantity of concentrate from each size. See p. 15. 
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products obtained from the different mesh sizes follow. For each 
mesh size the percentage of the total iron that went into the con- 
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FicurE 2.—Results of tests of sample 2. 
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-centrates and the tailings in that size is given, and also the compo- 
_ sition of the crude ore of each size. 


Composition of concentrates and tailings by mesh sizes 





Concentrates. Tailings. Crude. | Total iron in— 








Size of mesh. 


Fe. SiO. Fe. SiO, Concen- | Tail- 


SiOs. Fe. 














trates. ings. 

Per cent. | Per cent. | Per cent. | Per cent.| Per cent. | Per cent. | Per cent.| Per cent. 
PU EGS Soca cat abe d 42.9 9.5 9.3 44.7 32.5 20.5 91.1 8.9 
ih Ae | ee 45.7 8.1 10.0 36.9 36.1 15.9 92.6 7.4 
SVU) i eae 2 See 46.4 7.6 8.9 33.9 37.1 14.0 94.0 6.0. 
Ee COGo aye ra” 8 46.8 6.9 8.1 25.0 35.0 12.4 93.0 7.0 
BOPOLOO 2 cnc ont dacee 47.5 6.9 6.4 24.9 35.3 12.2 94.7 5.3 
BOO TOLD ss. 6 Foe. 3. 51.7 6.1 6.6 D255 38.4 10.9 95.0 5.0 
BOO tO 200. oc. ec baeces 55.1 We 9.0 20.0 42.3 9.7 94.1 5.9 
Us nee SRE aA) Ae ae eee eed oe ee ae B Salad Ce Oe ee eee 40.0 SOs 5 ae ee ee eee 





The above table shows that the 20 to 28 mesh crude ore is of 
decidedly lower grade than the original ore, the 28 to 35 mesh size 
“is of about the same grade, and the smaller sizes are all better than 
the original, there being a nearly constant increase in grade for each 
successively smaller size. If at the outset of concentration the 20 to 
-28 mesh size were rejected and thrown into the tailings, with a ratio 
of concentration of 2.11 and and an iron recovery of 62.8 per cent, 
one would obtain a concentrate running 47.4 per cent Fe and 7. 3 
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per cent SiO,. In other words, the compensation for a decrease in 
iron recovery of 21 aos cent? would be nee eye an increase of 1.2 per 
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i 
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cent iron and a decrease of 0.6 per cent silica in the concentrates, not 
enough to warrant the procedure. 
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Figure 3.—Results of tests of sample 3. 


SAMPLE 4, HAMMOND MINE. 
The Big seam was not worked at this mine, but it is cut by an adit. 
driven to reach the slope on the Irondale seam, and the sample was| 


N 
A 


taken from the exposure in this adit. The seam here is only a few 
feet from the surface, and the ore corresponds more nearly to soft 
ore. The sample was taken across the entire seam. i 
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B 20-28 28-35 35-48 48-65 65-100 100-150 150-200 <200 
Ficure 4.—Results of tests of sample 4. 
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SAMPLE 5. RUFFNER MINE. 


| The Big seam in the Ruffner mine is about 18 feet thick, the upper 
7 feet being workable, and is overlain by what is called “ Ranivedian i 
_ rock, which is really a low-grade ore high in silica with considerable 
| mistble calcite. ‘The sample was taken from the 7 feet of workable 
ore at the bottom of the slope at heading 10 left. The ore is un- 
usually fine grained, as is shown by. the screen-analysis curves (figs. 
5 to 8). 
Because the ore was so fine grained another part of the sample was 
crushed to pass 35 mesh and subjected to separation. The results of 
' this test, given in Table 1 (p. 19), show a screen-analysis curve 


i 


_ (fig. 6) of the same character as that from the 20-mesh test and the 
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B a lL 35-48 48-65 «65-100 ca 150-200 <200 
FIGurRE 5.—Results of tests of sample 5. 
_ same percentage of tailings in the concentration tests. The only evi- 
dent change is an increase of slimes and a decrease in the quantity of 
concentrates with finer crushing. Though no analysis was made of 


the products, the various percentages seem to indicate that little was 
gained by the finer crushing. 


ST TS 





OOS SS SASS SBR eee 


oe 


OOS 


OOS OO 





POO he 


0-05? 


@Terere: 


SAMPLE 6. RUFFNER MINE. 


Sample 6 was taken from 4 left heading, 400 feet from the slope, 

and represents the upper 7 feet of ore. This ore is very fine grained, 

- as the screen-analysis curves indicate. Only the concentrates from 

this separation were analyzed. They carried 42.5 per cent Fe and 

20.6 per cent SiO,. Another part of this sample was crushed under 
35 mesh and concentrated ; the results are given on page 20. 
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Crushing this sample finer than 35 mesh increased the ratio of con- 
centration from 1.64 to 2.44, and correspondingly increased the grade 
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of the concentrates. The increase of slimes leaves the advantage still 
decidedly in favor of the 35-mesh size, for if the slimes are added to 
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35-48 48-65 65-100 100-150 150-200 <200 
FIGURE 6.—Results of tests of sample 5 under 35 mesh. 
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- 20-28 28-35 35-48 48-65 65-100 100-150 150-200 <200 
FicgurE 7.—Results of tests of sample 6. 


the concentrates the ratio of concentration becomes 1.65, which is ; 


practically that of the concentrates in the 20-mesh size, and yet the 
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composition of the combined product runs only 1.5 per cent less in 

iron and 5 per cent less in silica. If the slimes are rejected and 
only the concentrates considered, the finer crushing yields a product 
1.2 per cent higher in iron and 3.9 per cent lower in silica, but de- 
creases the iron recovery to 64 per cent. | 


COMMENTS ON TESTS QF UPPER BENCH ORE. 


Of the preceding six samples of Big seam ore the Hammond 
sample represents soft ore from the entire thickness of the seam, the 

~ Ishkooda sample is self-fluxing, and the other four are siliceous 
hard ores. The two from the Spaulding mine are comparatively 
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B 20-28 48-65 65-100 100-150 150-200 <200 
FicurE 8.—Results of tests of sample 6 under 35 mesh. 
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good for ores of that type, but the two from the Ruffner mine are 
low in iron and high in silica and can not be utilized in their present 
- condition. 

Concentration of the self-fluxing Ishkooda ore yielded a self-fluxing 
concentrate more than 10 per cent higher in iron and 3 per cent lower 
in silica than the original ore. Though the product is more valuable, 
concentration would hardly be justified because the crude ore is itself 
marketable. 

The Spaulding ores represent those that are too siliceous to work 
except when the iron market is strong. The average of the two 
samples is 36.3 per cent Fe and 17.8 per cent SiO,, and in one sample 

_ the lime content is 11.1. The concentrates average 46.3 per cent Fe 
) and 9.4 per cent SiO,, and the lime content of one sample is 8.5. In 
other words, concentration of a decidedly siliceous ore yielded a con- 
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centrate carrying 10 per cent more iron, 8.4 per cent less silica, and 
nearly self-fluxing. Addition of the slimes to the concentrates makes 
a product averaging 45.8 per cent Fe and 9.5 per cent SiO,, a reduc- 
tion of only 0.5 per cent Fe and an increase of 0.1 SiO,, with an in- 
crease of iron recovery from 84.7 to 94 per cent. Thus the concen- 
tration of the upper-bench Spaulding ore, which has been utilized 
only when the iron trade was most active, yielded a product better 
than the best of the crude ores of the district. 

The soft Hammond ore, which in its crude state is too low in iron 
and high in silica to have any value, yielded a concentrate somewhat 
better than the average soft ore of the district, which according to 
Phillips® carries 50.80 per cent Fe and 18.50 per cent Si0,. 

Least promising are the results from the two samples of Ruffner 
ore. They average 28.8 per cent Fe and 30.9 per cent SiO,, and the 
concentrates average 42 per cent Fe and 18.5 per cent SiO,. In one 
sample the lime content fell from 10.2 in the crude ore to 6.9 per cent 
in the concentrates. The average of concentrates plus slimes is 40.5 
per cent Fe and 17.1 per cent SiO,, and the iron recovery is thereby 
increased from 67.6 per cent to 88 per cent. Either product is below 
the limits of marketable ore. 


BIG SEAM ORE FROM FRANK WHITE MINE. 


Four samples of soft ore were taken from the open cut of the 
Frank White mine, on the summit of Red Mountain, at the south 
end of Birmingham. An incline leads from this open cut, which is 
several hundred feet long, to the railroad tracks. At the top of the 
incline the entire thickness, 18 feet, of the Big seam is exposed. 
Only the upper 6 feet has been worked, and from it two samples 
were taken, one from each side of the incline. <A third sample 
was taken at the incline, from the middle 6 feet of the bed, and 
a fourth at the same place from the lowest 6 feet, which is much 
finer grained than the rest of the bed, as indicated by the screen- 
analysis curves (figs. 12 and 18). The ore from the middle 6 feet is 
similar in appearance to that from the upper, but, as the analyses 
show, is much poorer, being high in silica and low in iron for a soft 
ore. Because of the three divisions of the bed, and the samples being 
taken at the outcrop, they are considered apart from the rest of the 
Big seam samples. 


SAMPLE 7. FRANK WHITE MINE. 


Sample 7 represents the upper 6 feet of the Big seam in the part 
of the open cut south of the incline. > 








® Phillips, W. B., Iron making in Alabama, 3d ed.: Alabama Geological Survey, 1912, 
p. 30. 
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SAMPLE 8. FRANK WHITE MINE. 


Sample 8 represents the upper 6 feet of the Big seam in the part 
of the open cut north of the incline. 
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B 20-28 28-35 35-48 48-65 65-100 100-150 150-200 < 200 
Figure 9.—Results of tests of sample 7. 


SAMPLE 9. FRANK WHITE MINE. 


‘ 


Sample 9 was taken from the middle 6 feet of the Big seam, where 
it is cut by the incline at the top of the ridge. 
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B 20-28 28-35 35-48 48-65 65-100 100-150 150-200 <200 
FicurE 10.—Results of tests of sample 8. 
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SAMPLE 10, FRANK WHITE MINE. 


Sample 10 was taken from the lowest 6 feet of the Big seam, where | 
it is cut by the incline at the top of the ridge. 
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A BB 20-28 28-35 35-48 48-65 65-100 100-150 150-200 <200 
FiGgurE 11.—Results of tests of sample 9. 


No analyses were made of the products of this separation; but, 
as the ore was much finer grained than that from the overlying part 
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Figure 12.—Results of tests of sample 10. . 
of the bed, another portion of the sample was crushed to pass 35 
mesh, and subjected to separation tests. The results are given on 
page 22. ) x 
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As no analyses were made of the 20-mesh separation products, the 
composition of the products can not be compared. In the 35-mesh 


test the percentage of concentrates was reduced 8 per cent and per- 


centage of tailings increased 6.4 per cent. Probably the concentrate 
was a little higher in grade and the slimes, on account of silica being 
crushed, a little lower. The screen-analysis curves show the same 
characteristics. 


COMMENTS ON TESTS OF ORE FROM FRANK WHITE MINE. 
In the separation tests the upper 6 feet of soft ore, averaging, in 


the two samples, 44.6 per cent Fe and 25.3 per cent SiO,, gave a 
concentrate averaging 53 per cent Fe and 12.9 per cent SiO,, with 
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a ratio of concentration of 1.42; adding the slimes to the concentrates 
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FicurE 13.—Results of tests of sample 10 under 35 mesh. 


_ gives a product averaging 53 per cent Fe and 12.9 per cent SiO,, with 


a concentration ratio of 1.25 and an increase in iron recovery from 


84.5 to 96.2 per cent. Adding the slimes to the concentrates materi- 


ally increases the iron recovery without lowering the grade of the 
concentrate. The iron content of the crude ore is about 6 per cent 
below the average for the soft ore of the district and about 7 per 
cent higher than. the average in silica, and the ore can be utilized 
only when the iron trade is active. The tests produced from it a 
product equaling in grade the best ores obtainable in the district. 

The middle 6 feet of the Big seam is too low grade to be workable. 
The concentrates are poorer than the average soft ore of the district, 


and hence concentration by the method described would not be 


press 


feasible for this part of the bed. 


[ 
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The composition of the lowest; 6 feet of the bed is almost identical 
with that of the upper 6 feet, but the concentrates were no better 
than those from the middle 6 feet. The slimes from the lowest 6 feet 
are of much higher grade, however, and adding them to the con- 
centrate gives a product. slightly better than the average soft ore. 
The results are much poorer than those obtained with the upper 6 
feet, and indicate that concentration of such ore is not practicable 
with the method used. The much finer grain of this ore, which pre- 
vents the silica from being separated to the same degree, accounts for 
the difference, although the ore was crushed to pass 35 mesh as 
against 20 mesh for ore from the upper 6 feet. 

Averaging the analyses gives 42.2 per cent Fe and 30.5 per cent 
SiO, for the total thickness of the seam. Concentrates from it would 
carry 50.9 per cent Fe and 17.2 per cent Si0,, with a ratio of concen- 
tration of 1.60 and an iron recovery of 78.2 per cent. Adding the 
slimes to the concentrate gives a product averaging 51.1 per cent Fe 
and 16.8 per cent Si0,, with a ratio of concentration of 1.31 and an 
iron recovery of 95.5 per cent. Hence it seems that concentration 
of the entire bed, with an iron recovery of 95.5 per cent, would yield 
a product considerably better than the average of the soft ore of 
the district. Concentration would, therefore, make the entire seam 
workable. 


ORE FROM THE LOWER BENCH, BIG SEAM. 


There were tested 23 samples of ore from the lower bench of the 
Big seam from mines between Bessemer and Graces Gap ant one from 
the Ruffner mine, about 10 miles northeast of Graces Gap. The 23 
samples were obtained from that part of the district in which min- 
ing is most active, and, consequently, beneficiation of the siliceous 
ores is of immediate importance. Hence these ores have received 





more attention in this investigation than other ores and other parts — 


of the district. 


SAMPLE 11. RUFFNER MINE. 


Sample 11 represents the upper 8 feet of the lower unworkable _ 


part (11 feet thick) and was taken in 2 left heading, 30 feet from 


a 
a 


the slope. It has the same fine grain as ore from the upper part — 
of the seam, this feature being clearly shown by the screen-analysis © 


curves (figs. 14 and 15). 


Because of the ore being fine grained, the separation products were | 
not analyzed, but another part of the sample was crushed to pass — 


35 mesh and tested, with the results given on page 22. 
As the 20-mesh products were not analyzed, their composition 


can not be compared. The 35-mesh size yielded 8.5 per cent less 
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_ concentrates, 5.6 per cent more slimes, and 2.9 per cent more tailings. 
_ This doubtless means that the concentrates of the 35-mesh size are 


LaILL: 





A 


20-28 28-35 35-48 48-65 65-100 100-150 150-200 <200 
FicureE 14.—Results of tests of sample 11. 


appreciably better but the slimes are poorer than those of the 20-mesh 
size. The crude ore is of slightly lower grade than the two tested 
samples of crude ore from the upper part of the seam, yet the con- 
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FicurE 15.—Results of tests of sample 11 under 35 mesh. 


centrate obtained runs 2 per cent higher in iron and nearly 1 per cent 
lower in silica than the average of that obtained from the other two 
samples; and the composition of concentrates plus slimes runs 2.2 
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per cent higher in iron and 1.3 per cent Jower in silica than for the 
upper ores. As in the tests of the upper ore, however, the grade of 
the products is too low to make concentration attractive. The 
results would indicate that, if the Ruffner ore is to, be concentrated, 
the entire bed will yield as good results as the upper 7 feet worked 
in the past. 


SAMPLE 12. SPAULDING MINE. 


In the Spaulding mine the Big seam is about 22 feet thick. No 
parting separates the seam into an upper and a lower bench, the 
upper more calcareous and less siliceous ore grading into the lower 
less calcareous and more siliceous one. When the mine was active 
only the upper 11 feet of the seam was mined. Sample 12 represented 
' the lower 11 feet of the seam and was taken in 1 left heading, cross 
left (a cross left is‘a branch to the left from a left main heading, 
and hence cuts well into the lower bench), 700 feet from the slope. 

The concentrates and tailings from each mesh size were analyzed, 
and from the analyses the composition of the concentrates and tail- 
ings, aS given on page 23, was calculated. The composition of the 
crude ore of each mesh size and the percentages of iron that went 
into the concentrates and tailings were calculated. The results are 
shown in the table below: 


Composition of concentrates and tailings by mesh sizes. 











Concentrates. Tailings. Crude. Total iron in— 
Size of mesh. j * 
s : ; oncen- ail- 
Fe. SiO,. Fe. SiOs. Fe. SiO» trates. ings. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
DU TOS ee aos ee ce es QZ 8. 29.4 38. 
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10007150). eee ots 53.1 (oo 8.9 48.7 43.5 16.4 95.6 4 
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The 20 to 28 and 28 to 35 mesh sizes are of lower grade than the 


original crude ore, whereas the finer sizes are all of higher grade, — 


the quality improving with the fineness. If the 20 to 28 mesh size were 
rejected, the concentrate obtained from the remainder would aver- 
age 46.7 per cent Fe and 10.6 per cent SiO,, with a ratio of concen- 
tration of 2.07 and an iron recovery of 59.9 per cent. This product 
would run 1.2 per cent higher in iron and 1.3 per cent lower in silica, 
but the decrease in the iron recovery would be 23.2 per cent. Hence 
rejection of that size would not be warranted. 
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SAMPLE 13. SPAULDING MINE. 


Sample 18 represents the upper 6 feet of the lower bench in 38 left 
heading, at the breast. 
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Figure 16.—Results of tests of sample 12. 


SAMPLE 14. SPAULDING MINE. 


Sample 14 was taken from the upper 4 feet of the lower bench of 
the Big seam in 5 left heading, 1,600 feet from the slope. 
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Figure 17.—Results of tests of sample 13. 


Another part of the sample was crushed to pass 35 mesh and sub- 
_ jected to separation tests, with the results given on page 24. Only 
) 
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the concentrates were analyzed, they contained 45.3 per cent Fe and 
13.0 per cent SiO,, the ratio of concentration being 1.90 and the iron 


recovery 67.7 per cent. Compared with the 20-mesh test these con- - 


centrates have only 0.2 per cent more iron, and only 0.5 per cent less 


N 
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silica, although the iron recovery is 13.7 per cent less. Such results 
would not justify the finer grinding. The amount of tailing is nearly 
the same for both 20 and 35 mesh ore, so that the lower percentage 
of concentrates is due almost entirely to the higher percentage of 
slimes. 
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Ficure 18.—Results of tests of sample 14. 
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Figure 19.—Results of tests of sample 14 under 35 mesh. 
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SAMPLE 15. SPAULDING MINE, 


_ Sample 15 was taken from the upper 3 feet of the lower bench of 
the Big seam in 6 left heading, at the breast of the drift. 
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Figure 20.—Results of tests of sample 15. 
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SAMPLE 16. SPAULDING MINE. 


Sample 16 was taken from the 3 feet of ore immediately below 
the workable ore, in 10 left heading, at the breast. 
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FicurE 21.—Results of tests of sample 16. 
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SAMPLE -17. SPAULDING MINE. 


Sample 17 was taken from the upper 8 feet of the lower bench of 
the Big seam in 6 right heading, 600 feet from the slope. 


COMMENTS ON TESTS OF LOWER BENCH BIG SEAM ORE FROM THE SPAULDING MINE. 


The results of the tests of the preceding six samples of ore are 
strikingly uniform. The average of the results obtained from the 
six samples is given in Table 1 on page 38. They deviate only a 
little from the results obtained with the individual samples, hence 
the Spaulding lower bench ore is presumably of uniform character 
throughout, and the results obtained may be regarded with more 
than usual confidence as representing what may be expected of this 
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FIGuRE 22.—Results of tests of sample 17. 


ore under large-scale treatment. The slimes are so little lower in 
grade than the concentrates that in order to increase the iron recov- 
ery 11.4 per cent the mixture of concentrates plus slimes can be 
considered as the final product. Then concentration increases the 
iron 9.5 per cent, reduces the silica 18.7 per cent, and, judged by the 
single determination, leaves the percentage of lime practically un- 
changed, the net result being a decided increase in quality, with a 
concentration of about 4 tons into 8 and an iron recovery of 93.3 
per cent. Such a product is better than the average washed brown 
ore of the district. Burchard gives 23 analyses of washed brown 





* Burchard, E. F., and Butts, Charles, Iron ores, fuels, and fluxes of the Birmingham 
district, Ala.: U. S. Geol. Survey Bull. 400, 1910, p. 169. 
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ore from the Woodstock and Champion areas, which average 45 


per cent Fe, 14.6 per cent SiO,, 4 per cent Al,O,,.and 0.74 per 


cent Mn. The Spaulding concentrate runs 0.6 per cent higher in 
iron and 1.5 per cent lower in silica and its lime content more than 
counterbalances the manganese content of the brown ore. Accord- 
ing to the results, concentration of the lower bench Spaulding ore 
should produce a product that can easily compete with the brown 
ores of the district. 


SAMPLE 18. ISHKOODA MINE. 


The upper bench in the Ishkooda mine is about 7 feet thick. A 
mere parting along the bedding plane with only here and there a 


thin layer of shale separates it from the lower bench. In working 


this bench about 3 feet and sometimes as much as 5 feet of the lower 


_bench ore is also taken. From 7 to 10 feet of ore is left beneath and 





sample 18 was taken from it in 18 left heading, 200 feet from the 
slope. ; 
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FiIcGuRE 23.—Results of tests of sample 18. - 


SAMPLE 19. ISHKOODA MINE. 


Sample 19 was taken from the upper 4 feet of the lower bench 
of the Big seam at the same place as sample 18 and represents lower 


bench ore that is mined with upper bench ore. 


SAMPLE 20. ISHKOODA MINE. 


Sample 20 was taken in 15 right heading, 500 feet from the slope, 
and represents the lower bench 8 to 10 feet below the parting. 
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The concentrates and tailings of each mesh size were analyzed 
separately and. the composition of the concentrates and tailings for 
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Figure 24.—Results of tests of sample 19. 
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the entire sample, as given in Table 1 on page 26, was calculated 
from these. The table below shows these analyses and the calcu- 
lated composition of the crude of each mesh size. 


Composition of concentrates and tailing by mesh sizes, 





Concentrates. Tailings. Crude. Total iron in— 
Size of mesh. = eA 
; oncen- ail- | 
Fe SiO, Fe. SiO» Fe SiO» traths. ings. 
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The 20 to 28 and 28 to 35 mesh sizes are of lower grade than the © 
original ore, whereas all smaller sizes of the crude are of higher 
grade, the quality increasing with the fineness, except that the 150 
to 200 mesh size contains more iron than the slimes, and is higher 
in iron and lower in silica than the concentrates themselves. Hence, 
everything smaller than 150-mesh might have been added directly to” 
the final product. 

Another part of the same sample was crushed to pass 85-mesh and 
subjected to separation tests, with the results given on page 26. By 
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a 
_ analysis these concentrates contained 42.1 per cent Fe and 13.3 per 
cent Si0,, the silica being nearly 3 per cent lower than in the con- 


: 
A 


centrates of the 20-mesh test. Compared with that test the ratio of 
concentration is 2.10 instead of 1.66, and the iron recovery 61.9 as 
against 80 per cent. Finer crushing increased the proportion of 
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Figure 25.—Results of tests of sample 20. 
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Figure 26.—Results of tests of sample 20 under 35 mesh. 

- tailings only a little more than 1 per cent, and the decrease of con- 
centrates, 12.8 per cent, is offset by the larger proportion of slimes. 
Adding the slimes to the concentrates yields a final product that 
would probably differ little from the corresponding product of the 
-20-mesh test. 
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SAMPLE 21. ISHKOODA MINE. 


Sample 21 was taken in 6 right heading, near the manway. Here 
the parting is a 1 to 2 inch layer of shale, and the sample was taken 
from the 33 feet of ore just under it. 
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FIGURE 27.—Results of tests of sample 21. 


SAMPLE 22. ISHKOODA MINE. 


Sample 22 was taken from the upper 7 feet of the lower bench in ; 
10 right heading, 200 feet from the slope. Here the parting is merely ~ 
a break in the bedding, no shale being present. | 
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FIguRE 28.—Results of tests of sample 22, 
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COMMENTS ON TESTS OF ORE FROM LOWER BENCH IN ISHKOODA MINE. 


Compared with the Spaulding ore, the five samples show consider- 
able variation, largely because samples 20 and 21 represent only the 
less siliceous part of the lower bench ore that is taken out with the 
upper bench in mining. In consequence the averages of the five sam- 
ples of Ishkooda ore, on page 87, are somewhat better than the 
probable average of the whole bench. 

The composition of the slimes is so nearly like that of the con- 
centrates that only a final product of slimes plus concentrates need 


_ be considered, this product being of the same grade and the iron 


recovery being higher. This product is 8.5 per cent higher in iron 
and 13.3 per cent lower in silica than the original ore and has about 
the same lime content according to the one determination. Com- 
pared with the average of the brown ores of the district (p. 76), this 
product runs 0.6 per cent higher in iron, 2.3 per cent lower in silica, 
and has a lime content of nearly 8 per cent to offset the manganese 
content of the brown ores. Judged by its composition, it can readily 
compete with them. As samples 19 and 21 represent only the best 
part of the lower bench, the results from samples 18, 20, and 22 
were also averaged separately. The composition of the concentrates 
plus slimes averaged 44.0 per cent Fe and 13.6 per cent SiO,, or 
1 per cent less in iron and silica than the brown ores, and hence com- 
pares favorably with them. This result is obtained with a concen- 
tration of 4 tons into 3 and an iron recovery of 93.2 per cent. 


SAMPLES FROM SONGO MINE. 


' In this mine the upper bench of the Big seam is 74 to 9 feet thick 
and is separated from the lower bench by a 6 to 9 inch shale parting. 
The lower bench is about 12 feet thick, its upper 9 feet being rela- 
tively free from shale. At only one point, in 14 right heading, was 
the lowest 3 feet cut into, and there it consisted of intercalated shale 
and ore. Down to heading 23, the upper 9 feet of the lower bench 
has been cut into in the headings and the ore used by the Woodward 


_tron Co., which works this mine, in its own furnaces; but the 


quality is such that the ore can not be sold in the open market. 
Nearly all the ore mined is from above the shale parting. 


SAMPLE 23. SONGO MINE. 


Sample 23 was taken in 14 right heading, about 600 feet from the 
slope; at this point the entire lower bench is exposed, but on account 
of the lower 3 feet being shaly only the upper 9 feet were sampled. 
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SAMPLE 24. SONGO MINE. 


Sample 24 represents the upper 6 feet of the lower bench in 12 left ; 
heading, 250 feet from the slope. } : 
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Figure 29.—Results of, tests of sample 28. : 


SAMPLE 25. SONGO MINE. 


Sample 25 was taken from the upper 9 feet of the lower bench in 
15 left heading, 300 feet from the slope. 
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Figure 30.—Results of tests of sample 24. 
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SAMPLE 26, SONGO MINE, 


_ Sample 26 was taken from the upper 9 feet of the lower bench of 
the Big seam in 18 right heading, 700 feet from the slope. 


ry 
s 
s 
ow 
we 
. 





%, 


BAS SOS Bett 


2s 


OOOO 








> PL A PSEA 5 PARI Ee PERS I OL SETI 
050500, O01 00-0_0_ 0. O_O" 0. 0-00 0_6- 0,000, 0° 6-0-0, 0, 0-0-6" 6-8 


B 28-35 35-48 48-65 65-100 100-150 150-200 < 200 
FIGuRE 31,—Results of tests of sample 25. 


SAMPLE 27.°SONGO MINE. 


Sample 27 was taken from the upper 9 feet of the lower bench in 
19 left heading, 300 feet from the slope. 
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Another portion of the sample was crushed to pass 385 mesh and 
subjected to separation tests, with the results given on page 29 
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FIGURE 32.—Results of tests of sample 26. 
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The concentrates from this separation analyzed 45.7 per cent Fe and 
11.0 per cent SiO,, with a ratio of concentration of 1.79 and an iron 
recovery of 68.5 per cent. Finer crushing consequently produced a 
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concentrate 2.2 per cent higher in iron and lower in silica, but reduced 
the iron recovery from 83.2 to 68.5 per cent. The proportion of tail- 
ings was nearly the same in the two tests, and the slimes increased 
at the expense of the concentrates. 
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B 20-28 28-35 35-48 48-65 65-100 100-150 150-200 <200 
Figure 33.—Results of tests of sample 27. 


A 35-48 48-65 65-100 100-150 150-200 < 200 
Figure 34.—Results of tests of sample 27 under 35 mesh. 1 


SAMPLE 28. SONGO MINE. 


Sample 28 was taken from the upper 8 feet of the lower bench of 
the Big seam in 23 left heading, 150 feet from the slope. 
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4 The concentrates and tailings of each mesh size were analyzed sepa- 
rately and the composition of the entire concentrates and tailings 
calculated from these analyses, which are given in the table below, 
with the calculated composition of the crude ore of each size. 


Composition of concentrates and tailings by mesh sizes. 
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Mesh sizes larger than 48 mesh are of lower grade and those 
smaller than 48 mesh are of higher grade than the original ore, 
each size being of higher grade than the preceding. Of the crude 
ore sizes only the slimes are better than the concentrates, but the 
crude 150 to 200 mesh ore runs better than the concentrate of the 
20 to 28 mesh size. 
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B 20-28 28-35. 35-48 48-65 65-100 100-150 150-200 <200 
FIGURE 35.—Results of tests of sample 28. 


COMMENTS OF TESTS OF ORE FROM SONGO MINE. 


The six samples from the lower bench show a uniformity of compo- 
ition almost equal to that of the Spaulding ore. Hence the bed at 
he points of sampling is of uniform grade chemically, and also, as 
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shown by the separation tests, physically. Such uniformity of char- 
acter indicates that in actual practice there would probably be little 
deviation from these results. The average of the results obtained | 
with the six samples is given in the table on page 38. 

An average of several analyses supphed by Mr. A. H. Woodw ard 
of lower bench Songo ore is 39.5 per cent Fe, 20 per cent insoluble, 
and 10.4 per cent CaO. These figures jure that the samples 
tested are representative of the ore. The slimes practically average 
the same as the concentrates, therefore, in view of the increased iron 
recovery, the final product may be considered as concentrates plus’ 
slimes. Such a product on the basis of 4 tons into 3, will give an 
iron recovery of 94.3 per cent, and be 6.6 per cent higher in iron, 8.7. 
per cent lower in silica, and nearly as high in lime as the crude ore. 


¥ 















20-28 28-35 35-48 48-65 65-100 100-150 150-200 <200 


FIGurRE 36.—Results of tests of sample 29. 


Compared with the average of the brown ores of the district (p. 76), 
the product has the same iron content, 2 per cent less silica, and a 
high lime content to offset the manganese of the brown ores. On the 
basis of its chemical composition it can compete with those ores. 


ORE FROM FOSSIL MINE. 


SAMPLE 29. FOSSIL MINE. 


In this mine the upper bench only of the Big seam is worked. 
Sample 29 represents the upper 4 feet of the lower bench, in 10 slope, 
24 left heading, 100 feet from the slope. 

Only the concentrates were analyzed, and they carried 48 per 
cent Fe and 12.1 per cent SiO,. Another portion of the same sample— 
was crushed to pass 35 mesh and subjected to separation tests, witl a 
the results given on page 30. 
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i _ As the composition of the slimes is so much lower than that of the 
_ concentrates, adding the slimes to the concentrates would lower thé 
_ grade of the final product. Yet as the iron recovery would be 
increased and the resulting product would still be slightly higher 
in iron and lower in silica than the average of the brown ores, the 
procedure would probably be found practicable. The 20 mesh con- 
_centrate is practically as good as the 35 mesh, and was obtained with 
a ratio of concentration of 1.40 as against 1.71, and an iron recovery 
of 86.2 per cent as against 71.1 per cent. There seems to be no 
advantage, therefore, in crushing this ore finer than 20 mesh. At 
least, 35 mesh is not fine enough to show an appreciable advantage. 
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35-48 48-65 65-100 100-150 150-200 < 200 
FicuRE 37.—Results of tests of sample 29 under 35 mesh. 


“SAMPLE 30. FOSSIL MINE. 


Sample 30 was taken in 10 slope, 31 left heading, 125 feet from 
the slope. The lower bench here is a little more than 8 feet thick, 
and the sample represents the upper 8 feet of it. 


SAMPLE 31. FOSSIL MINE. 


Sample 31 was taken at 31 heading in the bottom of 10 slope. 
At that place the parting of the two benches comprises two 4-inch 
bands of shale, with a 4-inch layer of ore between. The lower bench 
is 9 feet thick, and the sample represents the entire thickness. 


SAMPLE 32. FOSSIL MINE. 


Sample 32 represents the entire thickness of the lower bench in 
93 slope, 23 left heading, 30 feet from the slope. 
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SAMPLE 33. FOSSIL MINE. 


Sample 33 represents the whole thickness of the lower bench, on 
the north side of 9 slope between headings 47 and 49. 
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20-28 28-35 85-48 48-65 65-109 199-150 150-200 < 200 
FicurE 38.—Results of tests of sample 30. 
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The concentrates and tailings from the different mesh sizes were 
analyzed separately, and the composition of the concentrates and 
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20-28 28-35 35-48 48-65 65-100 100-150 150-200 < 200 
Figure 39.—Results of tests of sample 31. 
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tailings, as given on page 31, was calculated from these analyses. The 
calculated composition of the crude ore of each size and the per-— 
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centage of iron that went into the concentrates and tailings of each 
are given in the accompanying table. 
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Figure 40.—Results of tests of sample 32. 


Composition of concentrates and tailings by mesh sizes. 
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In this sample the 35 to 48 mesh size has about the same grade as 
the crude ore, and the coarser sizes are poorer. The finer sizes im- 
prove in quality down to the fines. The slimes are the only size of 
the crude ore that runs better than the concentrates, but all the crude 
smaller than 100 mesh runs better than the concentrates of the 20 to 
28 mesh size. ? 


SAMPLE 34. FOSSIL MINE. 


Sample 34 represents the entire lower bench in 8 slope between 
headings 48 and 50. 
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COMMENTS ON TESTS OF ORE FROM FOSSIL MINE, 


As the results for sample 29 were obtained by crushing the ore to 
pass 35 mesh, and those for the rest of the samples by crushing to 
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pass 20 mesh, they are omitted in considering the average results 
(p. 39). The crude ore has the same composition as the other five 
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Figure 41.—Results of tests of sample 33. — 
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B 20-28 28-35 35-48 48-65 65-100 100-150 150-200 < 200 
Figure 42.—Results of tests of sample 34. 


samples, and the better products doubtless result from finer crushing, 
although the concentrate of the 20-mesh test runs a little higher than 
the concentrates from the rest of the samples. 
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An average of eight analyses of lower bench Fossil ore given by 
Burchard @ is 37,3 per cent Fe, 20.2 per cent SiO,, 3.8 per cent Al,Os, 


and 11.9 per cent CaO. This is very nearly the same as the average 


of samples 30 to 34, as given in Table 2 on page 39. The individual 
samples depart little from the average and show the uniformity of 
results that characterizes the separation tests. The ore is, therefore, 
shown to be quite uniform in chemical composition and Ee 
character throughout the mine. 

As the grade of the slimes is so little below that of the concen- 
trates, 1t is advantageous to consider the final product as concentrates 


plus slimes. Then a concentration in the ratio of 4 tons into 3 yields 


an iron recovery of 94.8 per cent and a product 7.7 per cent higher in 
iron, 8.6 per cent lower in silica, and, on the basis of the one analysis, 


_ only 2 per cent lower in lime. Compared with the average of the 


washed brown ores of the district, such a concentrate would be 0.3 
per cent richer in iron, 2.4 per cent lower in silica, and have an 
appreciable lime content to offset the value of the manganese in the 
brown ore. Hence, on the basis of its chemical composition it should 


‘be able to compete favorably with those ores. 


SUMMARY OF COMMENTS ON TESTS OF LOWER BENCH BIG SEAM ORE. 


On pages 50-71 are given the results of tests with 24 samples of ore 
from the lower bench of the Big seam. Sample 11 from the Ruffner 
mine represents very low grade ore and its wet concentration under 
present conditions does not seem justifiable. 

The remaining 23 samples represent ore from different points in 
four important mines. Sample 29, from the Fossil mine, was 
crushed to 85 mesh, and the complete results are for that mesh size; 
as complete results for other samples were determined with the 


_ 20-mesh crushing, sample 29 is omitted from the discussion of the 


average results. Finer crushing of sample 29 had little effect, how- 


_ ever, in improving the grade of the concentrate, as the 20-mesh con- 


centrate contained only 0.1 per cent less iron and 0.4 per cent more 
silica than ore crushed to pass 35 mesh, and the iron recovery was 15 
per cent higher. Hence there was no advantage in rushing this ore 
finer. 

The average of the results obtained with the remaining 22 samples 
is given in the accompanying table. The column marked concen- 
trates included the concentrates plus slimes. : 

«Burchard, E. F., and Butts, Charles, Iron ores, fuels, and fluxes of the Birmingham 


district, Alabama, with chapters on the origin of the ores, by HE. C. Eckel: U. S. Geol. 
Survey Bull. 400, 1910, pp. 83-84. 
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Average results of tests. 
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a Average of six samples. » Average of five samples. 


As the results from the 22 samples are decidedly uniform, the cal- 
culated average in the table may be safely taken as representing what 
one may expect from beneficiating these ores under the conditions 
of the experiments. The final product obtained by concentrating 
4 tons of crude ore into 3, with an iron recovery of 94.1 per cent, runs 
0.4 per cent higher in iron, and 2.1 per cent lower in silica than the 
brown ores, and has a considerable lime content to enhance its value. 


ORE FROM THE IRONDALE SEAM. 


The Irondale seam is of most value along the northeastern part of 
Red Mountain, from Pilot Knob southwest to a point about opposite 
Birmingham, a distance of about 10 miles. Farther southwest the 
bed becomes poorer, showmg interstratified bands of low-grade ore 
and shale or losing its identity entirely. Burchard says of the 
grade of the ore: 


Its soft ore, now nearly all mined out either by surface trenches or 
drifts, is the best of the district. Its hard ore is also of high grade and 
has hitherto been for the most part held in reserve, since ore could be 
produced from the thicker Big seam at a lower cost per unit of iron. 

The seam lies only a few feet below the Big seam and has a thick- 
ness of 4 to 6 feet. 

Three samples from this seam were tested—two from the Ruffner 
mine and the third from the Hammond mine—they being from the 
middle part of the belt within which the seam has its maximum 
value. 


SAMPLE 35. RUFFNER MINE. 


A 


Sample 35 represents the entire thickness of the Irondale seam in > 
1 slope, 18 left heading, 650’ feet from the slope. The bed here is 
+ to 44 feet thick. 





¢ Burchard, E. F., and Butts, Charles, Iron ores, fuels, and fluxes of the Birmingham 
district, Alabama, with chapters on the origin of the ores, by E. C. Eckel: U..S. Geol. 
Survey Bull. 400, 1910, p. 47. 
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SAMPLE 36. RUFFNER MINE, 


| Sample 36 represents the entire thickness of the Irondale seam in 
1 slope, 22 right heading, 450 feet from the slope. The seam here 
is 4 feet thick. 
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Ficure 43.—Results of tests of sample 35. 


SAMPLE 37. HAMMOND MINE. 


Sample 37 was taken in the slope on the Irondale seam at the point 
where it is cut by the adit, that is, about 550 feet below the outcrop. 
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Figure 44.—Results of tests of sample 36, 


The workable part of the bed was the lower 34 feet, which was over- 
lain by a thin layer of shale and 8 to 9 inches of low-grade ore dis- 
carded in mining. 
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COMMENTS ON TESTS OF ORE FROM IRONDALE SEAM. 


Sample 37 is slightly better quality than the average ore of the 
lower bench of the Big seam. All three samples doubtless represent 
hard ore, and their average composition is 38 per cent Fe and 22.1 
per cent SiO,, or about the same as that of the lower bench Big 
seam ore. ‘The concentrates average 45.1 per cent Fe and 14.2 per 
cent SiO,, and hence are the same in iron, but 1.5 per cent higher in 
silica than the concentrates from the lower bench of the Big seam. 
A product composed of concentrates plus slimes show the same differ- 
ence. However, the ratio of concentration averages a little less for 
the Irendale ores, so that the results obtained are practically the 
same as those obtained with the lower bench Big seam ores. Hence 
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20-28 28-35 35-48 48-65 65-100 100-150 150-200 <200 
Figure 45.—Results of tests of sample 37. 


the tests indicate that the Irondale ores are amenable to any treat-. 


ment that might prove feasible for those ores. 
ORE FROM THE IDA SEAM. 


The following description of the Ida seam is given by Burchard: ¢ 


This bed consists of 2 to 6 feet of rather siliceous ore associated with 14 
to 16 feet of ferruginous sandstone. * * * Where worked, the bed is 
3 to 5 feet thick, and soft ore only has been obtained from it in surface 
workings. Such ore carries 35 to 44 per cent of metallic iron, with a 
corresponding range in silica of 42 to 32 per cent. 


Two samples from this seam were tested, one from the Ruffner 
mine and the other from the Hammond. Z 
¢ Burchard, E. F., and Butts, Charles, Iron ores, fuels, and fluxes of the Birmingham 


district, Alabama, with chapters on the origin of the ores, by BE. C. Eckel: U. S. Geol. 
Survey Bull. 400, 1910, p. 46. 
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SAMPLE 88. RUFFNER MINE. 

e The outcrop of the Ida seam at the Ruffner mine is 5 feet thick, 
and the sample was taken at the face of an old open cut in what Mr. 
C. E. Barrett, the superintendent, called hard ore. 
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Figure 46.—Results of tests of sample 38. 


SAMPLE 39. HAMMOND MINE. 


Sample 39 was taken from the outcrop of the Ida seam along the 
face of the bed at the outside incline. 
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A B 20-28 28-35 35-48 48-65 65-100 100-150 150-200 <200 
FicureE 47.—Results of tests of sample 39. 
COMMENTS ON TESTS OF ORE. 


One sample represents hard ore, the other soft ore. The sample 
of soft ore is plainly finer grained than the sample of hard ore, 
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as is shown by the screen analysis curves (figs. 46 and 47). The 
sample of hard ore. (sample 38) is the poorest ore tested, carrying 
less than 30 per cent, iron and more than 40 per cent silica, yet it 
yielded a concentrate carrying 47.5 per cent Fe and 14.7 per cent 
SiO,, or just 2 per cent more iron and 2 per cent less silica than the 
average of the concentrates from the lower bench Big seam ore. 
This result would indicate that the siliceous Ida seam ores are as 
amenable to concentration as that ore. | 

The crude sample of soft ore (sample 39) runs high in iron, but 
its silica content is prohibitive. The concentrates from this sample 
show the high iron content obtained only in soft ore concentrates, 
and a silica content well within the allowable limit, and hence they 
can be advantageously used in the blast furnace. 


RESUME OF RESULTS. 


There is a steady market in the Birmingham district for two types 
of iron ores—the calcareous hard red ores and the siliceous brown 
ores. The average composition of the hard red ores, as given by 


Phillips,* is 87 per cent Fe, 13.44 per cent Si0,, 16.20 per cent CaO... 


The average of 23 samples of washed brown ore, as given: by 
Burchard,’ is 45 per cent Fe, 14.6 per cent Si0,, 0.74 per cent Mn. 
- Also there is available a limited quantity of workable soft ore, 
having an average composition, according to Phillips,’ of 50.80 per 
cent Fe, 18.50 per cent SiO,, and 1.20 per cent CaO. All of these ores 
average from 3. to 4 per cent Al,O,. As regards their smelting, the 
soft ores are in the same class as the brown ores, a higher iron 
content being offset by a higher silica content. The hard red ores 
grade by decrease of lime and increase of silica into siliceous ores, 
which, on account of their low iron content, can not compete with 
the brown ores, and hence are unworkable at present. Under favor- 
able conditions, hard red ores of the average iron content can not 
be worked profitably if they carry about 8 per cent more silica than 
lime. By far the greater part of the red ore of the district falls 
below these requirements, and hence requires concentration to become 
available. As the concentrates obtained in the tests described herein 
are themselves siliceous and not self-fluxing, the brown ores serve as 
a basis for determining the value of the product obtained by concen- 
tration. Such a comparison follows: 

Six samples of Big seam upper-bench ore taken underground were 
tested. Sample 4 from the Hammond mine, close to the surface, 
represents soft ore and includes the lower bench. Its concentrates 

> Burchard, HE. F., and Butts, Charles, Iron ores, fuels, and fluxes of the Birmingham 


district, Alabama: U. S. Geol. Survey Bull. 400, 1910, p. 169, 
¢ Phillips, W. B., work cited, p. 30. 
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run 51.7 per cent Fe and 18.4 per cent SiO,; in other words, they 
equal the average workable soft ore, and their iron content is more 
than enough to carry the 4 per cent excess in silica as compared with 
the average brown ore. The crude ore is unworkable, with silica in 
excess of iron. 

Sample 1 from the Ishkooda mine is a workable, self-fluxing ore 

_and was tested in order to ascertain the results of concentration. The 
concentrate is self-fluxing and 10 per cent higher in iron. 

Sample 2 and 3 from the Spaulding mine represent upper bench 
ores that are workable only when iron is in good demand. Their 
concentrates are higher in iron than the average brown ores and, 
being nearly self-fluxing, are superior to those ores. 

Two samples from the Ruffner mine, samples 5 and 6, represent 
extremely poor ore, with silica in excess of iron, averaging 28.8 per 
cent Fe and 30.9 per cent SiO,. The concentrates are of much better 
quality, averaging 40.5 per cent Fe and 17.1 per cent SiO,, but are 

too poor to be marketable. 

These experiments show that the unworkable upper bench hema- 
_tites of the Big seam will yield a concentrate of greater value than 
the brown ores unless the grade of the crude hematites is very low. 

Four samples of ore were taken from the outcrop of the Big seam 
at the Frank White open cut. Two of these, samples 7 and 8, rep- 
resent the upper 6 feet of the seam (all that was worked) but are so 
much lower in iron and higher in silica than the average soft ore that 
this part of the bed can be worked only when the iron trade is un- 
usually active. Concentration yielded a high-grade product, carry- 
ing 53 per cent Fe and 12.9 per cent SiO,. The middle 6 feet, sample 
9, is of very low grade, with 5 per cent more silica than iron, yet the 
concentrate is only a little poorer than the average soft ore mined. 
Sample 10, from the lower 6 feet, shows about the same composition 
as the ore from the upper 6 feet, but the concentrate was poorer, hav- 
ing about the composition of the average workable soft ore, probably 
because of the finer grain. The entire seam averages 42.2 per cent 
Fe and 30.5 per cent Si0,, and the concentrates from it 50.9 per cent 
Fe and 17.2 per cent SiO,. Therefore, concentration at this mine 

could make a product of slightly better grade than the average of the 
soft ores out of an 18-foot seam of ore, of which only the upper 6 feet 

can even be considered as available in its crude state. 

_ Twenty-four samples of Big seam lower bench ore were tested, of 

which one, sample 11 from the Ruffner mine, represents an extremely 

low-grade ore from the northeastern part of the district. The others 

represent the lower bench in that part of the district, where the 
upper bench is worked extensively and the lower bench is left 
unmined. 
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The sample of lower bench Ruffner ore is slightly poorer than the 
two samples of the upper bench ore tested, but the concentrate runs a 
little better. However, the concentrate is below the grade of the 
brown ores, and hence concentration would probably be unprofitable. 
The 23 samples from Red Mountain between the Spaulding and 
Fossil mines show considerable uniformity in composition and in the ~ 
results of concentration. This fact tends to emphasize the concli- 
sions that can be based on the tests. The samples averaged 37.3 per 
cent Fe, 23.6 per cent SiO,, and 8.9 per cent CaO; that is, their iron 
content is about the same as the average of the workable upper bench 
ores, but their silica content is 10 per cent higher and their lime 
content is more than 7 per cent lower. The concentrates obtained 
from these samples contain 0.4 per cent more iron and 2 per cent less 
silica than the brown ores, and, in addition, have a lime content of 
8.1 per cent. Thus concentration yields a product of greater value 
than the brown ores. These results are the more encouraging because 
they were obtained with an iron recovery of 94.1 per cent and a con- 
centration of 4 tons of crude ore into 3 tons of final product. 

Three samples of ore from the Irondale seam were tested, samples — 
85 and 36 from the Ruffner mine, and sample 37 from the Hammond 
mine. The average iron and silica contents of these ores, 38 per cent 
Fe and 22.1 per cent SiO,, is about the same as those of the lower 
bench Big seam ores. The concentrates average 45.1 per cent Fe and — 
14.2 per cent Si0,, a little higher in silica than the, Big seam lower 
bench concentrates, but still as good as the brown ores. In addition | 
the concentrates doubtless have an appreciable lime content that 
would increase their value. On the whole, then, the ores tested from 
the Irondale seam have about the same composition as the Big seam — 
lower bench ores from the producing part of the district, and are — 
approximately as amenable to concentration. , 

Two samples of Ida seam ore were tested, one being hard ore and — 
the other soft. Sample 37 from the Ruffner mine represents a poor 
hard ore, carrying 28.2 per cent Fe and 40.8 per cent SiO,. The 
slimes from the test are so low grade that mixing them with the 
concentrates appreciably lowers the grade of the product; discarding — 
them reduces the iron recovery to only 77.8 per cent, but the concen- 
trate contains 47.5 per cent Fe and 14.7 per cent SiO,, and is as low — 
in silica as the average brown ore, with 2.5 per cent.more iron. These 
results indicate that the ore has undergone partial alteration and is . 
to be classed as semihard. The soft ore, sample 89 from the Ham- 
mond mine, is too poor to market in the crude state, but its cdnicaitil 
trate had the same silica content as the brown ores and 10 per cent 
more iron. 

With but few exceptions, then, and these being the unusually low- 
grade material, the experiments in concentrating the siliceous red 
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ores have yielded final products that would have a value in excess of 
_ that possessed by the brown ores of the district. 


any 


' The experiments above are based on crushing the ore to pass 20 


_mesh, probably as fine as would be practical. In order to determine, 


however, the degree to which the grade of the concentrate could be 
raised by still finer crushing, in five tests part of the ore was crushed 


to pass 35 mesh, and the concentrate resulting from the separation 


of both sizes was determined. For purposes of comparison the 
results are tabulated below. 


Results of finer crushing. 





20-mesh test. 35-mesh test. Slimes. 
Sample Con- ; Con- Z 
cen- | Slimes. Mees Tron. | Silica.| cen- | Slimes. pane Tron. | Silica.| Iron. | Silica. 
trates e trates. EF 
te RCh en Gta Chemy eh mle eae CE em ches Chal heals, |@clse Chaat | baaChas es Che lee Ck. } Che We Pack: 
Ghiersricis 61.0 10.9} 28.1 42.5} 20.6 41.0 19 39.2 43. 16.7 34.5 13.0 
i oe Se ane 63.3 9.21 (27.5 45.1 Ue 52.7 21.4 25.9 45.3 13.0 44,3 14.9 
Oe oe ae sae 60. 4 9.4 30.2 42.3 16.1 47.6 21.0 31.4 42.1 i BY 39.8 12.4 
Agi 33 i EM OD 68. 2 10.0 21.8 43.5 if 55.8 21.1 23.1 45.7 11.0 44.0 12.8 
LT eae Ne cae q1.5 113 iy Pe 48.0 12.1 58.4 22,5 19.1 48.1 ei7 43.8 16.6 
Average... 64. 9 10.2 25. 0 44.3 15.1 iil 21.2 PTE 45.0 fb Re a ey (ee 








These results show a very small average increase in iron in the 
finer concentrates and a 2 per cent decrease in silica. The amount 
of the tailings increased only a little, the change being almost 
entirely in the amount of the slimes at the expense of the concen- 
trates. In the table the first and last slime analyses are of the 35- 
mesh slimes and the other three of the 20-mesh slimes. Thus in- 
creased sliming lowers the average grade of the slimes. If the slimes 
and concentrates are mixed to form a final product with as high iron 
recovery as for the similar product from the 20-mesh crushing, the 
grade of it will be but little if any higher and there will be no increase 
in grade of the final product to compensate for the finer crushing. 


Hence, 20-mesh crushing is fine enough to produce an adequate freeing 


of the constituent ore particles to yield an efficient separation. 

In the above summary, except where otherwise indicated, the final 
product of concentration is considered to be the combined concentrate 
and slimes. The average composition of all the concentrates is 46.4 


‘per cent Fe and 13.4 per cent SiO,, and that of all the slimes is 


44.7 per cent Fe and 13.5 per cent Si0,. Of the total iron in the 
crude ore, that in the concentrates averages 80.6 per cent and that 
in the slimes 13.1 per cent. The average quantity of concentrates 


is 63.3 per cent, and that of slimes is 10.6 per cent. Consequently, 


if the slimes are added to the concentrates, the average composition 


of the final product will be 46.2 per cent Fe and 13.4 per cent S10, ; 
in other words, this procedure does not change the silica content 
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and lowers the iron content orly 0.2 per cent, out the average iron 
recovery is raised 13.1 per cent, or from: 80.6 per cent to 93.7 per 
cent. The advantages of mixing these two products in raising the 
iron recovery and eliminating the need of slime treatment are. 
obvious. | 

That crushing alone brings about a concentration of the iron in 
the finer sizes and a concentration of the silica in the coarser sizes 
is strikingly shown, the slimes (less than 200 mesh) from the crude 
ore being of practically the same composition as the concentrates 
from the sizes coarser than 200 mesh. In order to show this tendency 
in more detail the concentrates and tailings of each mesh size of 
five samples were analyzed, and from these analyses the composition 
of the crude ore of each of these sizes was calculated. The results 
are tabulated below. 


Increase of iron in the slimes. 





Sample 3. Sample 8. Sample 10. Sample19. | Sample 39. Average. 
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This table shows that the two coarsest sizes, 20 to 28 mesh and 
28 to 35 mesh, are of lower grade than the crude ore, whereas the 


finer sizes are of increasingly higher grade. | _ 


PRACTICAL VALUE OF THE EXPERIMENTS. 


The bearing of the results of these experiments on probable results 
of concentration on a commercial scale by wet methods or with mag- 
netic separation will now be considered. The author knows that the 
method of concentration he used is not feasible on a commercial scale, 
and its efficiency of separation is not obtainable in a commercial 
plant. The experiments were made to determine the degree to 
which the silica might be separated from the iron—that is, granted 
a perfect separation of the mineral particles, what is the result? 

If this result indicates that concentration is feasible, the devising 


of a commercial method of separation would be encouraged. If, on © 


the other hand, a perfect separation of the mineral particles does not 
yield a marketable product of sufficient value, there is no use work- 
ing at separation on a commercial scale. The results obtained ‘in the 
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experiments have demonstrated that, so far as the experiments go, a 
_ solution of the problem is possible. 


~ Results obtained in the application of the Moxham-du Pont haloid 
process to the concentration of low-grade iron ores open the possi- 
bility of the commercial application of the method used in this in- 


_ vestigation and may render the results of these experiments directly 


applicable. But while this process is in the experimental stage, it 
will be better to consider the bearing of these results on separation 


_ by ordinary wet methods or by magnetic methods. 


Wet methods of separation are based essentially on the differences 
‘in specific gravity of the mineral components of an ore. In the 
author’s experiments the ores were crushed to pass 20 mesh, a fineness 


that is not at all unusual in ore mills. As the iron oxide in the ore 


tested is much softer than the silica that is to be removed, crushing 


~ causes an increase of iron in the finer sizes. So marked is this con- 


centration of the iron that the crude material passing through 200 
mesh has practically the same iron content as that obtained by con- 
centrating the material coarser than 200 mesh. This fact is of great 

importance as it eliminates the slime problem in the use of wet — 
methods.- The material finer than 200 mesh may be separated by 
washing immediately after crushing, allowed to settle, and then added 
to the concentrate obtained from the rest of the material. The con- 
centrates obtained with the same ratio of concentration will not be 
of as high grade as those made in the experiments because of less 
complete separation, but this difficulty could be met by increasing the 
ratio of concentration a little, thus raising the grade of the concen- 
trate and lowering the iron recovery. As the concentrates from the 


_ tests of lower bench ores of the Big seam, for example, represented 





an iron recovery of 94.1 per cent, it is evident that a little lowering of 


_ the iron recovery to meet the decreased efficiency of commercial work 


would still permit a good recovery and give a concentrate of high 
enough grade. Hence there seems to be no reason to doubt the pos- 
sibility of obtaining equally good concentrates, although with a lower 


_ iron recovery, on a commercial scale by wet methods. 


Equally favorable conclusions can be drawn in regard to the results 
that may reasonably be expected from appiying magnetic separation 


_to remove the more magnetic particles of the crushed ore, as in an 


ore similar to that under discussion the more magnetic particles are 
those high in iron and low in silica. In other words, the magnetic 
susceptibility is determined by the same factors as the specific gravity 


and is a linear function of the latter. Consequently, crushing frees 


the ore particles for magnetic separation to exactly the same degree 
as for specific gravity separation. Therefore a perfect magnetic 
separation should yield results identical with those obtained by a 
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perfect specific gravity separation. But in ordinary practice a per- 
fect magnetic separation is no more obtainable than a perfect gravity 
separation. In either case the grade of the final product can be main- 
tained by increasing the ratio of concentration a little at the expense 
of the iron recovery. As stated above, in the author’s concentration 
experiments iron recovery was so high that a small decrease in it 
would not be prohibitive. 

The experiments have, consequently, demonstrated the possibility 
of producing from ores now valueless and being permanently lost by 
present mining methods a marketable product. Also, it is probable 
that as good results can be obtained commercially by any of the usual 
methods of ore treatment if the decrease of efficiency is compensated 
by increasing the ratio of concentration. 


COMMERCIAL ASPECTS OF THE PROBLEM. 


As the tests indicate that concentrates of higher grade than the 
best of the ores now available in the Birmingham district can be ob- 
_ tained from the siliceous ores of the district, the question remains 
whether concentration would be profitable. ‘The answer requires the 
determination of two things—first, the cost of crushing, concentrat- 
ing, and nodulizing the concentrates; second, the value of the con- 
centrates as compared with the crude ore. The author does not have 
the necessary data and does not consider himself competent to supply 
such figures, for they should be based on experience with concen- 
tration on a large scale and on familiarity with mining costs and the 
price of ore in the district. However, some general suggestions are 
offered. 

Beneficiation of low-grade iron ores is widely practiced; it includes 


magnetic separation and nodulizing of low-grade magnetites. Mag- — 
netic concentration of the siliceous red hematites would involve — 


higher treatment cost than for magnetites because, generally speak- 


ing, finer crushing would be needed. On the other hand, these ores — 


can be mined cheaper than many magnetites thus treated. Gravity — 


methods of wet concentration for low-grade iron ores have been suc- 


cessfully used on a large scale in the Lake Superior region, and have — 
made available great quantities of ore that are too low in grade to, 
be shipped crude. Hence it is reasonable to presume that the costs — 


of treatment would not necessarily be prohibitive. 


The margin allowable for treatment costs can be determined more — 
nearly. During the years 1910 to 1915 the red ores and the brown ~ 
ores of the district showed the following range in prices, according” q 


to the United States Geological Survey :¢ 





“Figures for 1910 and 1911 from Mineral Resources of the United States for 1911, 
Part 1, p. 180. Figures for 1912 and 1913 from Mineral Resources of the United States j 
for 1913, Part I, p. 305. Figures for 1914 and 1915 are from Mineral Resources of theq % 


United States for 1915, Part 1, p. 291. 
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Prices of red and brown ores of Birmingham district. - 











1910 1911 1912 1913 1914 1915 | Average. 
Peed Ofee. ous cee $1.19 $1.17 $1.16 $1.18 $1.21 $1.25 $1. 19 
aS TOWIi OTOS=: - ees: hee. oye 1.53 1.47 1. 43 1.61 1.49 1. 68 1. 54 
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During these six years the average price of the brown ores was 35 
cents in excess of that of the red ores. It has been seen that the value 
of the concentrates would exceed that of the brown ores, and the cost 
of mining the lower bench ores in mines working the upper bench 
ought to be less than the present cost of mining the upper bench 
alone. Therefore, the margin allowable for treatment should be in 
excess of 35 cents. How much larger it might be can be determined 
by those having complete data on mining costs and the value of the 
ores as determined by chemical composition. 

That one must guard against assuming too low a cost for mining 
lower bench as compared with upper bench ores is pointed out by 


_ Burchard, who says:4 


_ To recover the lower ore at present would, however, introduce serious com- 
plications in mining. At the Tennessee company’s mines the slopes are cut 
in the lower bench of the seam about 8 feet below the working level of the 
headings, so that tramcars of ore may be dumped over the tipple into the 
skip in the slope. If the lower bench of ore were mined also, the slopes 
would have to be depressed 8 feet below the bottom of this bench in order 
to accommodate skip haulage. This would necessitate maintaining for some 
distance a slope height of 25 to 28 feet, which would be excessive and would 
involve deepening and retimbering the present slopes. Beyond the present 
faces the slopes might be driven below the parting, leaving the upper bench 
above the slope. The matter of setting props to support the roof in the 
workings where 18 to 20 feet of ore are taken out would also prove incon- 
venient. 

In slopes where tram haulage is employed the problem is simpler, since it 
is not necessary to depress the slope below the bottom of the ore that is 
being mined. Part of the ore from the lower bench can be obtained in either 
case by cutting the floors of the rooms lower. By this method, however, 
the floors become too fiat to permit the ore to be shot down to the cars, and 
the expense of moving it is thereby increased. 

Evidently the problem is discouraging in view of present costs and con- 
ditions, but if for every ton of ore mined from the lower bench nearly a ton 
of ore in the upper bench might be saved for future use, it would seem worth 
while to carry the investigation as far as possible, even to the extent of 
equipping one slope to mine the whole seam on a scale that would enable 
the relative costs to be compared on a working basis. 


In spite of such difficulties there certainly ought to be a margin 
in favor of the lower bench ore. As those ores are not utilized at 


«Burchard, E. F., and Butts, Charles, Iron ores, fuels, and fluxes of the Birmingham 
district, Ala.: U. S. Geol. Survey Bull. 400, 1910, pp. 124, 125. 
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present and are being destroyed as reserves, and as the mines are 
now equipped for mining the upper bench ore, none of the charges 
now assumed by the upper bench ore should be distributed between 


it and the cost of producing the lower bench ore. The cost of mining ~ 
both ores should be determined, and then from that cost should be ~ 


subtracted the present cost of mining the upper bench ore. The 


difference is all that should fairly be charged against the lower bench — 


costs and would certainly be less than the present figures for the 
upper bench ores. The difference would be applicable to meeting 
concentration charges. Moreover, a decidedly important consider- 
ation would be the doubling of the ore reserves. 


From this consideration of the factors involved, it seems reason- — 


able to assume that the margin allowable for meeting concentration 
charges is considerably more than 35 cents. 
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MOLYBDENUM; ITS ORES AND THEIR CONCENTRATION, 


By Freperick W. Horron. 


INTRODUCTION. 


With large deposits of low-grade molybdenum ore and a latent 
market for molybdenum, which with development might perhaps 
equal that for tungsten, the United States has for years made no pro- 
duction of molybdenum ore worthy of mention. In fact, during the 
decade previous to 1914, there was no output of molybdenum ore in 
this country except in 1905, 1906, and 1907, when a few small lots of 


~molybdenite and wulfenite were marketed.¢ 


eRe 


To ascertain why this possible source of economic wealth should 
remain undeveloped, the United States Bureau of Mines undertook 
an investigation in 1914, with a view of assisting the establishment of 
a molybdenum antes in this country. A preliminary review of 
the situation showed the following conditions: 

‘Briefly there was a lack of any considerable demand for molyb- 


denum for the one known use that might consume any large tonnage 


of it, that is, for the manufacture to certain alloy steels to which 
molybdenum imparts properties roughly similar to those produced 
by tungsten. It was at once evident that the market for molybdenum 
in alloy steels must be developed, or that extensive new uses for the 
metal must be created, before the demand would be sufficient to war- 
rant any extensive mining of molybdenum ore. 

Investigation showed that one of the chief factors in retarding the 
development of any demand for molybdenum by the alloy-steel 
trade was that manufacturers who might use, or might investigate 
the possibilities of using, the metal were kept out of the market by 
the fear of not being able to obtain steady supplies. On the other 
hand, those who might be interested in the development of some of the 
extensive low-grade molybdenite or wulfenite deposits in this country 
were prevented from doing so by the small visible demand and the fear 
that-any large production would glut the market. Owing to these 
conditions the mining of molybdenum has in the past been confined 


a Mineral Resources U. S. for 1904 to 1913, U. S. Geol. Survey, 1905 to 1914. 
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almost entirely to small-scale operations on high-grade streaks of 
molybdenite ore, and the methods of recovery have been limited 
largely to cobbing and hand picking. . 


SCOPE AND PURPOSE OF INVESTIGATION. 


The problem before the Bureau of Mines was to ascertain the char- 
acter and extent of the deposits of molybdenum ore in the United 
States from which supplies requisite for the development of the mar- 
ket might be obtained, and how the ores might best be concentrated 
into a marketable product. These features were the ones that the 
investigation described in the following pages principally covered. 

The direct purpose of this bulletin is, on the one hand, to prove to 
possible consumers of molybdenum that the element is not as rare as 
commonly supposed, and that this country possesses many deposits 
of low-grade ore from which large supplies may be derived, and on the 
other hand, to prove to present and prospective producers of molyb- 
denum that there is a latent market for their product in the alloy- 
steel trade, which needs only the assurance of steady supplies for a 
considerable development. It is also intended to assist the miner of 
molybdenum by giving him information regarding various methods 
of concentration that have proven applicable to the different types 
of molybdenum ore, and by acquainting him with market conditions, 
uses, prices, etc. The various molybdenum minerals are described 
in detail, and tests for their determination are given to aid the pros- 
pector in recognizing them. In addition to the most applicable and 
reliable qualitative tests for molybdenum, the quantitative determi- 
nation of the element is described in some detail, as the methods of 
analyses recommended in the ordinary, textbooks will not in general 
give correct results, particularly on low-grade ores. | 


PRESENT CONDITION OF THE MOLYBDENUM INDUSTRY. 


The unprecedented demand for steel-hardening metals occasioned 
by the European war is slowly drawing the attention both of pros- 
pective consumers and of producers to possibilities in regard to 
molybdenum. Several mining operations looking. toward a consid- 
erable production of both molybdenite and wulfenite have already 
been commenced, and manufacturers are investigating the possibili- 
ties of using molybdenum in a large way. The fact that molybdenum 
is now (April 1, 1916) selling at $3 to $4 a pound, as compared with 
$8 to $10 a pound for tungsten, and the further fact that 1 pound of 
molybdenum will produce approximately the same restilts as 2 or 3 
pounds of tungsten, are serving to quicken this interest. 

Under the influence of the high prices being paid for the metal and 
the unusual demand, the whole molybdenum industry is developing 
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as never before, not only in the United States, but also in Queens- 
land, New South Wales, and Norway, the three countries that have 
‘previously supplied practically the entire world’s production. In 
this country, since late in 1914, a fair-sized fnobybde nite mine has 
been opened up on a low-grade deposit at Red Mountain, near 
Empire, Colo., and extensive shipments of ore have been made. 
_ Many molybdenite mines and prospects throughout the West have 
produced small lots of high-grade ore, and some of them have accu- 
mulated dumps of milling ore. A noteworthy amount of develop- 
- ment work has been done at many of these properties, and several 
- of them are rapidly being put into condition to become producers. 
_ Since the summer of 1914 a considerable tonnage of wulfenite con- 
centrates of medium grade has been derived by milling operations 
on some large tailing piles at Mammoth, Ariz., and in the spring of 
1915 the output from this source was more than doubled. It is 
lately reported that a mill has been installed to treat wulfenite ore 
from the Old Yuma mine, near Tucson, Ariz. 

Developments have ctade reeieecan to such an extent that, in 
the author’s opinion, the molybdenum production of the Waited 
States in 1915 will compare favorably with that of Queensland, New 
- South Wales, or of Norway, and it may even exceed them. 


THE FUTURE OF THE MOLYBDENUM INDUSTRY. 


Of course, the extremely high prices that are now being paid for 
molybdenum can not last, but even under normal conditions the 
author sees no reason why molybdenum should not compete with 
tungsten in the manufacture of many alloy steels. It is surely as 
_ plentiful an element as tungsten, its ores can be mined as cheaply as 
_ those of the latter metal, and although high-grade concentrates from 
molybdenite ores will probably cost a little more to produce than 
from tungsten ores, the fact that much less molybdenum need be 
used to produce a given result should give it the advantage in the 
market. If steady supplies of molybdenum can be obtained at or 
near the prices at which tungsten is offered, the demand for it can 
not help but develop greatly within a few years. 
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PART I. THE MOLYBDENUM MINERALS. 


The following table lists the known molybdenum minerals and 
gives their theoretical composition, and the percentage of molybde- 
num each mineral contains as based on this compdsition: 


Molybdenum minerals. 














Per cent Per cent 
Mineral. Composition. molyb- Mineral. Composition. molyb- 
denum. denum. 
Molybdenite ¢..| MoSe.-2-2.......-...-- 59.95 || Powellite....... Cao Que 2a ewes 47.98 
Wulfenite....... PbMo Opts eee Q6:toultebateraite > = 2) - CoMoO gear ee 43. 84 
Molybdite...... Fe2.0383M00374H20 .. 39.63 || Achrematite. . oe Tatas oe 4= 3.40 
iptaceseseee .-| MoOo4Mo003(?).....-.- 68. 18 
Belonesite.....- MpMoOe se atta 52; 08") Hosite..: 2.2. --. _| vana bakes 0) ta ge ee 
ead 








a Anamorphous variety of molybdenite called jordisite is said to exist (see p. 9.) 
b Composition doubtful (see p. 12). 

Of the above list only the first two minerals, molybdenite and 
wulfenite, have thus far proved of commercial importance. With 
the exception of molybdite, the other minerals listed are rare and are 
to be considered only in the light of interesting mineralogical occur- 
rences. Besides these there are other molybdenum minerals that 


~ have been reported, but information concerning them is so incom- 


plete both as regards occurrence and composition that their existence 
as definite species can not be considered as authenticated. (See p. 12.) 


MOLYBDENITE. 


Molybdenite is the disulphide of molybdenum (MoS,) and contains 
59.95 per cent of molybdenum and 40.05 per cent of sulphur. Itisa 
soft, opaque, lead-gray mineral with a metallic luster and greasy feel. 
It commonly occurs in flakes or scales having a prominent basal 
cleavage and resembling some micas in the way the flakes may be 
split into thin leaves. Finely granular and massive forms are also 
common. The mineral is sectile and in the flaky form the lamine 
are flexible but not elastic. In hardness it ranges from 1 to 1.5, being 
so soft that it soils the fingers readily in handling and marks paper, 
on which it leaves a bluish-gray trace. On porcelain its streak is 
slightly greenish. Its specific gravity has been variously determined 
at 4.7 to 4.8.° 


ec Dana, E. S., A system of mineralogy, 6th ed., 1911, p. 41. 
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On account of many similar characteristics molybdenite is often 
confused with graphite, but it may be easily distinguished from the 
latter as graphite has a much lower specific gravity, 2.09 to 2.23, 
and its streak is lead-gray on both paper and porcelain. Heating a 
fragment of the mineral in a closed tube will conclusively settle any 
further question as to its identity, as the strong sulphurous odor 
given off by molybdenite is entirely lacking with graphite. 

Molybdenite crystallizes in hexagonal form and the crystals are 
tabular or short and slightly tapering prisms. The prismatic planes 
are horizontally striated and on the base of some crystals there are 
striae normal to the edges. In Plate I, which illustrates character- 
istic forms of molybdenite crystals, the horizontal strize on the 
prismatic faces may readily be seen. Many molybdenite aggregates 
exhibit a distinct radial formation. This typical structure is well 
shown in Plate II, A. A typical molybdenite ore is shown in Plate 
LAs 

An artificial crystallized molybdenite with a specific gravity of 
5.06 has been made by melting together potassium carbonate, 
sulphur, and molybdic oxide in a platinum crucible. @ 

Molybdenite commonly alters to molybdite, but it is also reported 
as sometimes altering to ilsemannite. (See pp. 12 and 13.) 


TESTS FOR MOLYBDENITE. 


Different methods of testing molydenite follow: ® When heated in 


an open tube molybdenite gives off sulphurous fumes, and a pale | 


yellow crystalline sublimate of molybdenum trioxide (MoO,) is 
formed. Before the blowpipe, the mineral is infusible and imparts 
a yellowish-green color to the flame. ‘On charcoal in the oxidizing 
flame, pulverized molybdenite gives a strong odor of sulphur and 
the charcoal is coated with crystals of molybdic oxide which appears 
yellow while hot and white when cold. Near the heated mineral 
the coating is copper-red, and if the white coating is touched with 
an intermittent reducing flame, it becomes a beautiful azure blue. 
Molybdenite is decomposed by nitric acid; leaving a white or grayish 
residue (molybdic oxide). 


OCCURRENCES OF MOLYBDENITE. 


Probably three-fourths of the reported occurrences of molybdenite 
are in acid igneous rocks such as granites, pegmatites, trachytes, 
and syenites. Next in order of importance as regards deposits 
_ of the mineral are the metamorphic rocks, molybdenite being found 
in serpentines and gneisses, and in amphibolite, chlorite, talc, and 
mica schists, etc.» Next follow the sedimentary rocks with occur- 


a Dana, E.8., op. cit.,p.42. b Dana, E. S., op. cit., p. 41. 
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A. MOLYBDENITE CRYSTAL FROM CROWN POINT MINE, RAILROAD CREEK, 
CHELAN COUNTY, WASH. (TWO-THIRDS NATURAL SIZES) 





B. ANOTHER MOLYBDENITE CRYSTAL FROM CROWN POINT MINE. 
(ONE AND ONE-HALF TIMES NATURAL SIZE.) 


PLATE | 
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A, MOLYBDENITE CRYSTAL FROM NEAR BUENA VISTA, COLO. (ONE AND ONE-HALF 
TIMES NATURAL SIZE.) 





I. FLAKE FROM MOLYBDENITE CRYSTAL SHOWING ALTERATION TO MOLYBDITE, 
FROM SANTA MARIA PROPERTY, SAN DIEGO COUNTY, CAL. (FOUR TIMES NATURAL 
SIZE.) 
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A. MOLYBDENITE ON QUARTZ FROM CROWN POINT MINE, RAILROAD CREEK, CHELAN 
COUNTY, WASH. (THREE-FIFTHS NATURAL SIZE.) 





B. WULFENITE CRYSTALS LINING GEODE FROM MAMMOTH MINE, PINAL COUNTY, ARIZ. 
(ONE-HALF NATURAL SIZE.) 
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rences of the mineral in conglomerates and limestones, and finally 
the basic igneous rocks with a few deposits in gabbros, basalts, etc. 

Localities in the United States where molybdenite has been ‘non 
are named in part 2 of this report, and detailed descriptions of many 
characteristic occurren¢es are given there. 7 


ACCOMPANYING MINERALS. 


Besides the occurrence of gold and of various silver minerals with 
molybdenite, the author has noted the following accompanying 
minerals: Molybdite, bornite, chalcopyrite, malachite, azurite, chrys- 
ocolla, native copper, pyrite, galena, pyrrhotite, magnetite, limonite, 
sphalerite, bismuthinite, cassiterite, wolframite, scheelite, calcite, 
quartz, orthoclase, pyroxene, hornblende, garnet, epidote, tour- 
maline, muscovite, and biotite. The following additional minerals 
have been recorded by Crook® as associated with. molybdenite: 
Arsenopyrite, fluorite, barite, apatite, rutile, oligoclase, tremolite, 
scapolite, and zircon; and Umpleby ® has noted tetrahedrite, chal- 
cocite, cuprite, hubnerite, and manganese oxides as accompanying 


minerals. Dolomite, talc, beryl, phlogophite, and léllingite are also 


mentioned by Hintze ¢ as occuring with molybdenite. 
_ JORDISITE. 


According to Cornu,? there exists a black powdery form of molyb- 
denum sulphide that he considers to be distinct from crystalline 
molybdenite. It is described as “colloidal molybdenum sulphide, ” 
and is said to alter to ilsemannite* and to occur at Himmelfurst, 
Freiberg, Saxony. Jordisite is listed as a variety of molybdenite by 
Cahen and Wootton. 

WULFENITE. 


Wulfenite is a molybdate of lead (PbMoO,) and theoretically 


contains 26.15 per cent of molybdenum and 56.42 per cent of lead. 





It is a heavy, brittle, subtransparent to subtranslucent mineral with 
a resinous or adamantine luster and is generally of a wax or orange- 
yellow color. It may, however, be siskin and olive green, yellowish- 


_. gray, brown, grayish-white to nearly colorless, or orange to bright 


red. Its hardness is 2.75 to 3 and its specific gravity is 6.7 to 7. It 
has a subconchoidal fracture and a white streak. In planes parallel 
with its crystal pyramid faces it has a smooth cleavage, but in other 


a Crook, A. R., Bull. Geol. Soc. America, vol. 15, 1904, pp. 283-288. 


b Veep ieny, Js ’B. , Geology, and ore deposits of Lemhi County, Idaho: U. S. Geol. Survey Bull. 528, 
1913, p. 7. 


¢ ne Carl, Handbuch der Mineralogie, Bd. 1, pp. 410-418. 

@Cornu, F., Natiirliches kolloides Molybdinsulfid (Jordisit): Ztschr. Chem. Ind. Kolloide, Bd. 4, 
1909, p. 190. 

e Cahen, Edward, and Wootton, W. O., The mineralogy of the rarer metals; a handbook for prospectors. 
1912, pp. 51-52. 
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directions the cleavage is less distinct. It crystallizes in the tetragonal 
system with pyramidal hemihedrism. The crystals are commonly 
square and tabular and are sometimes extremely thin, with a vicinal 
pyramid replacing the basal plane. Less frequently the crystals are 
octahedral or prismatic, the prismatic faces showing the hemihedrism 
characteristic of the mineral. Plates III, B, and IV, A, illustrate 
common tabular forms of wulfenite crystals and Plate V, A, shows 
a fine specimen illustrating the extremely thin crystals referred to 
above. Wulfenite crystals of mineral form are illustrated in Plate 
IV, B. | 

Wulfenite generally occurs in well-crystaliized forms, but it is also 
found in coarse-grained or fine-grained masses. Small percentages of 
calcium, chromium, vanadium, copper, iron, or aluminum are gen- 
erally present in wulfenite as impurities. 

Among others, the following characteristic analyses of American 
wulfenites are given by Dana: 4 


Characteristic analyses of American wul fenites. 





Per 


Per cent é Total per 
Source of sample. rae Pbo. Per cent pier oxides. cent. 
Eureka -Counity; NG@Vs. jc. feces a sb~ one paceeee eee 39. 33 61.11] 1.04 CaO3, 0.38 FeO, 101. 86 
Phoonixvill6sPacc) 232 = ace Pees eee ee 39. 21 60. 00 .38 CreOz 99. 59 
DOS eee eras, Sale alam ts Sere Since ite ak trea eee eens 37.47 60. 30 1.28 V205 99. 05 
TESTS.} 


Before the blowpipe wulfenite decrepitates and fuses below 2. 
With borax in the oxidizing flame it gives a colorless glass which in 


the reducing flame becomes an opaque black or dirty green with > 


black flocks. With salt of phosphorus in the oxidizing flame wul- 
fenite gives a yellowish-green glass which becomes dark green in the 
reducing flame. The powdered mineral, when heated with soda on 
charcoal, yields metallic lead. On evaporation with hydrochloric 
acid wulfenite is decomposed, forming lead chloride and molybdic 
oxide. Moistening the residue with water and adding metallic zinc 
gives an intense blue color which persists after dilution. | 


OCCURRENCE AND ACCOMPANYING MINERALS. 


Deposits of wulfenite are confined almost wholly to veins, in 
which it occurs associated with other lead minerals. Localities in the 
United States where wulfenite has been reported are named in part 2, 
and detailed descriptions of several characteristic occurrences are 
also given. 


a Dana, E.S., A system of mineralogy, 6th ed., 1911, p. 991. b Dana, E. S., loc. cit. 
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A,- WULFENITE CRYSTALS FROM YUMA COUNTY, ARIZ. (NATURAL SIZE.) 





B. WULFENITE CRYSTALS FROM LUCKY BILL MINE, NEAR SANTA RITA, N. MEX., SHOWING 
UNUSUAL FORMS. (ONE AND ONE-FOURTH TIMES NATURAL SIZE.) 
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A. WULFENITE CRYSTALS FROM EUREKA, NEY. (NATURAL SIZE.) 





B. MOLYBDITE CRYSTALS ON IRON-STAINED GRANITE FROM SANTA MARIA, SAN DIEGO 
COUNTY, CAL. (THREE TIMES NATURAL SIZE.) 
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Outside of the gangue-forming minerals, wulfenite has been found 
associated with gold and various silver minerals, with galena, cerus-. 
site, pyromorphite, vanadinite, anglesite, and descloizite. In con- 
nection with the occurrence of gold with wulfenite, it may be of 

interest to note that the native gold is sometimes contained directly 
in the wulfenite crystals themselves. (See p. 115.) 


MOLYBDITE. 


Molybdite is a hydrous ferric molybdate (Fe,0,.3Mo00,.74H,O) 
and theoretically contains 39.63 per cent of molybdenum. It is a 
~ lemon-yellow to pale-yellow mineral, and occurs as an earthy powder, 
- incrustations, fibrous masses, or capillary crystals in radiating groups. 
_-The crystals and many of the fibrous forms of the mineral have a 
silky luster. Molybdite is an alteration product 6f molybdenite, 
probably formed by the interaction of molybdic acid (liberated by 
the oxidation of the molybdenite) and limonite. The formation of 
the limonite in many cases may have resulted from the weathering 
of pyrite, which is commonly associated with the molybdenite, 
simultaneously with or previous to the weathering of the molyb- 
denite. 

Plate V, B, illustrates a group of molybdite crystals, showing their 
capillary form and characteristic grouping in radiating clusters. 
Plate II, B, shows a flake from a large crystal of molybdenite, with 
molybdite extensively developed along its cleavage planes. 

For many years the erroneous idea has existed that molybdite 

- agrees in composition with the artificial molybdic trioxide obtained 
by oxidizing molybdenite. The present textbooks on mineralogy 
almost universally persist in this error, giving the composition of 
molybdite as MoO,, and stating that the pure mineral contains 66.7 
per cent of molybdenum. That such is not, the case was first called 
to the author’s attention by chemical tests of a sample of molybdite 
which from microscopic examination seemed to be practically pure. 
The presence of a large percentage of iron was determined, and the 
same result obtained from tests on other samples of molybdite from 
different localities led the author te believe that the iron was an 
essential part of the mineral. A search of the literature on molyb- 
dite revealed the fact that Schaller * had not only proved the presence 
of combined iron in molybdite, but had definitely established its 

- composition as Fe,0,.3Mo00,.74H,0. 

His analyses of molybdite from different localities in the United 
States, giyen in the accompanying table, have the insoluble matter 
deducted and are recalculated to 100 per cent. The last column of 


a Schaller, W. T., Mineralogical notes—series 1: U. S. Geol. Survey Bull. 490, 1911, pp. 84-92. 
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the table gives the theoretical analysis as calculated from the for- Y 


mula Fe,O,3MoO,.74H,O. Attention is called to the close agree- 
ment of the analysis of the molybdite from New Hampshire with 
this calculated analysis. 


Analyses of molybdite. 








Telluride ,|Hortense, | Califor- New Calcu- 





Constituent. Hamp- |lated from 

Colo. Colo. ae shire. | formula. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
EL Cire ey I ee PONS 8 ek Se ie coe hn ee 16.8 20.19 19.5 18. 28 18. 57 
HOS Ogos a ae ee Re ee ae NE, eae ee 20. 2 20. 30 20.0 21. 87 22-01 
MO Ogee reine ree Ae! oh hn ay eee ae ey eee 63.0 59. 42 60.5 59. 85 59. 42 











The specific gravity of the molybdite from Hortense, Colo., is given 
by Schaller as 2.99. 


TESTS FOR MOLYBDITE. 


Regarding tests of molybdite, Schaller * writes as follows: 


| 100. 00 100. 00 100.0 100. 00 | 100. 00 


On heating the mineral in a closed tube abundant water is easily given off and the 


mineral assumes a dark-olive color; on further heating it again becomes lighter in 
color. On heating the mineral in a crucible the color changes are very marked. At 
first the yellow mineral darkens and becomes a dark gray, appearing almost black 


and with slight olive tint, then it becomes a light yellow again, and on further heating © 


changes to a deep orange color. If the mineral now be allowed to cool, the orange 
changes to yellow and back to orange again on reheating. If the dark-colored mate- 
rial be allowed to cool, it retains its dark gray color, and on reheating passes through 
yellow to the orange. On heating for some time at a higher temperature, the mineral, 
on cooling; becomes a permanent bright green. By further heating all of the molyb- 
denum is volatilized and the dark-red ferric:‘oxide remains. The mineral is readily 
soluble in hydrochloric acid, and is decomposed by ammonia, taking on a brown color 
(probably due to the separating ferric hydroxide). After awhile, all the molybdenum 
of the mineral goes into solution, leaving the insoluble ferric hydroxide. 


Lf 
OCCURRENCE AND ACCOMPANYING MINERALS. 


ee ee, ee eo a ee re 


As molybdite is an alteration product of molybdenite, its occur- ; 


rences and associated minerals are practically the same as those of 
the latter mineral. (See p. 11.) F 


THE RARE MOLYBDENUM MINERALS. 


ILSEMANNITE. 


Tlsemannite ® is an oxide of molybdenum said to result from the 
decomposition of metallic molybdates and is probably identical with | 
the artificial compound MoO,.4Mo0O,. It is a blue-black to black 
cryptocrystalline mineral, and has been reported as occurring in © 





a Schaller, W. T., op. cit., pp. 85-86. 
b Dana, E. 8., A system of mineralogy, 6th ed., 1911, p. 202, . 
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one and seeccnsd with wulfenite at Bleiberg, in Corinthia. It 
is soluble in water, giving a deep blue solution which on evapora- 
Byion yields dark Blue crystals. Lindgren and Ransome ® state that 
“material from a quartz vein carrying molybdenite, pyrite, and sphal- 
erite and situated a short distance east of the Howard flat vein 
vin in the Cripple Creek District, Colo., upon exposure to the sun and 
air, turns yellow or green and Availle a deep Prussian blue. Little 
tufts of yellow material are formed on the specimens and occasion- 
cally coatings of a dark-blue mamillary substance. ‘The yellowish 
“material is believed to be molybdite. ” “The blue substance, which 
“dissolves in water and is associated with some ferrous sulphate, also 
“contains a large amount of molybdenum, and probably is the rare 
“mineral ilsemannite (MoO,4Mo0O,).” 


BELONESITE. 


_ Belonesite® is regarded as.magnesium molybdate (MgMo0O,). It 
is a white transparent mineral occurring in minute acicular crystals 
of the tetragonal system, and theoretically contains 52.08 per cent of 
molybdenum. It occurs in rock SEE enveloped in the Vesuvian 


lava of 1872. 
is TESTS, 


Before the blowpipe belonesite fuses with difficulty. It dissolves 
readily i in salt of phesphorus, but less easily in the borax bead, and 
is insoluble in acids. 

: | ‘POWELLITE. 

: Powellite is calcium molybdate (CaMo0O,), which when pure con- 
‘tains 47.98 per cent of molybdenum. It is a dull-gray color, and 
according to Schaller has a specific gravity of approximately 4.25. 
It is a pseudomorph after molybdenite, often preserving the structure 
of the latter mineral and occurring in platy masses. Dana @ states 
that calcium tungstate is present in the mineral and quotes an 
analysis showing 10.28 per cent WO;. Schaller, however, calls atten- 
tion to the fact that any calcium tungstate present exists as a me- 
‘chanical mixture of scheelite with the mineral and states that ‘“The 
association of molybdenite with scheelite is well known, and when 
the molybdenite alters to powellite the association of powellite with 
scheelite necessarily follows. The agencies affecting the change from 
molybdenum sulphide to calcium molybdate are apparently without 
effect on the scheelite.”’ 

: Brinalren, Waldemar, and Ransome, F. L., Geology and gold deposits of the Cripple Creek district, 
‘Colo.: U. S. Geol. Survey, Prof. Paper No. 54, 1906, p. 124., 


' }6Dana, E. S., op. cit., p. 992. 
_ ¢§challer, W. T., Mineralogical notes—series 1: U.S. Geol. Survey, Bull. 490, 1911, pp. 80-83. 


_ @DPana, E.S., op. cit., p. 989, 
40167°—Bull. 11116_=2 
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‘ aes TS. 


The mineral fuses at about 5 to a gray mass. It reacts for molyb- 
denum with salt of phosphorus and is decomposed by nitric and) 
hydrochloric acids.? 

OCCURRENCE. 


Powellite has been found in the United States in the Peacock lode 
of the Seven Devils mining district in western Idaho, where it is 
associated with argentiferous bornite and dark-brown garnet; at the 
South Hecla copper mine, Houghton County, Mich., where it occurs 
in fine crystals;> near Oak Springs, Nye County, Nev.;¢ and Baringer 
Hill, Llano County, Tex.? 


PATERAITE. 


Pateraite © is supposed to be cobalt molybdate (CoMoO,). It 
occurs aS an impure massive mineral of black color associated with 
uranium in the Elias mine, Joachimisthal, Austria. 


f 


ACHREMATITE. 


Achrematite’ is a massive, crypto-crystalline mineral with the 
formula 3(8Pb,As,O,PbCl,)4(Pb,MoO,) and contains 3.40 per cent of 
molybdenum. It has an uneven to subconchoidal fracture, is brittle, 
has a hardness of 3 to 4, and a specific gravity of about 6. In) 
color it is sulphur-yellow to orange and red, but in mass is liver- 
brown, owing to admixed limonite. Its streak is pale cinnamon- 
brown; its luster is resinous to adamantine and fragments of the 
mineral are translucent on thin edges. It occurs at the mines of — 
Guanacere, Chihuahua, Mexico. 


TESTS. 


Before the blowpipe it decrepitates slightly, turning a dark brick 
red and fusing easily to a nearly black globule which shows indistinct 
crystalline facets on cooling. On charcoal it yields arsenical odors, 
a lead coating, and finally globules of lead 


EOSITE. 


Kosite 9 is supposed to be a vanado-molybdate of lead. Its exact 
composition is not considered as definitely established, although Gin? ~ 


a Dana, E.S., A system of minerology, 6th ed., 1911, p. 989. 

b Dana, E.S., op. cit., appendix I, p 55. 

c Schaller, Wiese Pygaer ore! notes—series 1: U. 8. Geol. Survey, Bull. 490, 1911, pp. 80-83. 

d Benallen WD. 100: Cit. 

e Dana, E.S., tp. cit., pp. 991-992. 3 

f Dana, E.S., op. cit., p. 992. 

g Dana, E. S., loc. cit. 

h Gin, G., A memoir on the methods of treatment of simple and complex ores of molybdenum, tungsten, 
uranium, and vanadium: Trans. Am. Elec. Chem. Soc., vol. 12, 1907, p. 412. 
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gives its formula as Pb,V,MoO,,. It occurs in minute square octa- 
hedral crystals of the tetragonal system which are found implanted 
“on pyromorphite and cerussite at Leadhills, Scotland. It has a hard- 
ness of 3 to 4, and a brownish, orange-yellow streak. In color it is 
deep aurora-red. 
TESTS 4 


When heated in a closed tube, eosite darkens, but regains its color 
on cooling. When fused with potassium bisulphate it gives a mass 
that is slightly yellow while hot, but on cooling turns first reddish- 

_ brown, and finally a brownish orange-yellow. This mass, dissolved 
in water and boiled with metallic tin, colors the solution a faint 
ereenish-blue. Eosite is not so rapidly attacked by hydrochloric 
acid as wulfenite or crocoite. When a splinter of the mineral is 
placed on a glass plate and treated with hydrochloric acid, with the 
subsequent addition of alcohol, and then gently evaporated, a blue 
to bluish-green coating is formed with a green precipitate on the 


edges. 
A NEW MOLYBDENUM MINERAL. 


F. B. Laney, of the United States Geological Survey, recently 
discovered a dark-green mineral rich in molybdenum, which occurs 
as an incrustation on specimens of ore from Vein No. 21 of the 
Lucania Tunnel, near Idaho Springs, Colo. Dr. Laney’s examina- 
tion of the occurrence, made in conjunction with the author, showed 
that the mine water, which percolated slowly from the vein in the 
immediate neighborhood of the green incrustations, contained a 

- molybdenum compound that colored it a deep blue. This color 
was so intense that in several experiments in which the mine water 
was used as a writing fluid the writing was as legible as with an 
ordinary ink. The acidity of the water was pronounced, and in 
some places where it had dripped upon the iron mine rails it had 
eaten them to a depth of three-quarters of an inch or more. 

An analysis of a sample of this water by R. C. Wells, of the United 
States Geological Survey, showed the following results: 


Analysis of mine water from Vein 21, Lucania Tunnel, Idaho Springs, Colo.6 








Substance. ee Substance. Gr strates 

_ Molybdenum trioxide (MoOs3)....-..-- Tp Dai A BELOIT ore ance ote eer oe ee ar 0. 73 
Molybdenum dioxide (MoO2).-......-- LTACE:. pOOUMIMT 2222 eo aicls nos «fe clesiewis seas eee waiele . 26 
Brus TL OUme ta see nas she ses oon tte De Ola RECOCASSIITIONS, © orn: ete tee = ne vere eee .14 
MerhiGiLOlnsat eee ese ot aen te eek tes 1.75 || Sulphate (SO4)...-.... SE es ene 18. 26 
MMAR TN oar ots as Cae wibdavs 3 ode wd aoielieColorine (Cl). < 2225: Pree st aren ah7, 
SUCHIN Ts RSP aNaee SOee me occe ebas .50 || Hydrogen (of free acid) .....-..-...... .13 


a Dana, E.&., loc. cit. b The specific gravity of this water at 25° C. was 1.031. 
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There is no doubt that the color of the water is due to a dissolved 
molybdenum blue, possibly ilsemannite, but just what the compound 
is has not been determined. 

The blue mine water had impregnated considerable areas of the 
vein material in the drift on both sides of the main tunnel and 
immediately adjoining it. The rock was colored a light blue with 


the coloring particularly strong along the fractures in the vein ~ 


material and in the more porous rock. Where the rock carrying 
the molybdenum blue had been exposed to the air circulating along 
the main tunnel and about the mouths of the drifts there was a 
powdery incrustation of the dark-green molybdenum mineral 
already referred to. Several specimens were collected where this 
incrustation was a yellowish or golden green and a few where it was 
almost a bright yellow. On the dump at the mouth of the main 
tunnel many specimens were coated with the green molybdenum 
mineral. The latter had seemingly been formned by the action of 
the air on ore that had been impregnated with the molybdenum blue. 

Owing to the difficulty of obtaining reasonably pure samples of 
these blue and green minerals, and to the inherent difficulties in the 
analysis of compounds, whose state of oxidation is so unstable, their 
exact composition has not as yet been determined. 

The molybdenum minerals described above are probably identical 
with those noted by Lindgren and Ransome @ in a small vein east 
of the Howard flat vein in the Cripple Creek district, Colorado. How- 
ever, the author believes that the green molybdenum mineral (rela- 
tively insoluble) is formed from the soluble blue compound, and not 
vice versa, as indicated by Lindgren and Ransome. 


DOUBTFUL SPECIES. 


As already stated, there are other molybdenum minerals that 
have been reported besides those described above. Definite informa- 
tion concerning them is, however, so meager that their existence as 
distinct species is problematical. Principal among these doubtful 
minerals are molybdurane, molybdoferrite and knightite. The first 
two are referred to by Moissan® and also by Gin“ who give the 
formula of molybdurane as UO,.UO,.2MoO,, and of molybdoferrite 
as FeMoO,. Des Cloizeaux 4 speaks of molybdurane as a molybdate 
of uranium, and says that it is found at Joachimsthal, Bohemia. 
Knightite, said to be a phosphate of molybdenum, is referred to by 
Colorado: U.S. Geol. Survey Prof. Paper 54, 1906, p. 124; also see pp. 12-13 of this report. 

6 Moissan, Henri, Traité de chimie minérale, t. 4, 1904, p. 685. 

¢ Gin, Gustave, A memoir on the methods of treatment of simple and complex ores of molybdenum, 


tungsten, uranium, and vanadium: Trans. Am. Electrochem. Soc., vol. 12, 1907, p. 412. 
@d Des Cloizeaux, Alfred, Manuel de mineralogie, 1862, p. 271. 
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Hills,¢ who states that it was discovered by O. W. Knight, of Bangor, 


_ Me., in a molybdenite deposit at Catherine’s Hill, of the same State. 


Beside the foregoing minerals of molybdenum the presence of 
molybdenum in scheelite should be. called to the reader’s attention. 
Dana ° by 17 analyses of scheelite from various parts of the world 


shows that molybdenum is present in this mineral in quantities vary- 


ing from a trace up to about 8 per cent. 
PHYSICAL PROPERTIES OF MOLYBDENUM. 


Pure molybdenum is a white metal. Its appearance depends 
largely on the method of production: If obtained by reducing the 


q oxides or the sulphides of molybdenum by hydrogen, it is a gray 


powder which under heat and pressure may be compacted into a 
metallic bar that is brittle and even fragile. Produced by alumino- 
thermic methods or by reduction in the electric furnace, it is a com- 
pact metal, but owing to the absorption of carbon in the electric 
furnace, it is not pure and has different physical properties from the 
carbon-free metal, as is explained later. Pure compact molybdenum 


3 is malleable and is sufficiently soft to be filed and polished with ease. 


It will not scratch glass. 

Within the last decade molybdenum was considered as absolutely 
lacking in ductility, but the research laboratory of the General Elec- 
tric Co., at Schnectady, N. Y., has discovered a method of producing 
ductile forms of the element, which may be drawn into ribbons and 
fine wire. 

Debray,° one of the earlier experimenters with the metal, con- 
sidered it infusible, but although he failed to melt it, he discovered 
that at a high temperature it absorbed carbon. Moissan @ subse- 
quently obtained molten molybdenum in an electric furnace. Its 
exact melting point is still a matter of some question. The Bureau 
of Standards ¢ has placed it about 2,500° C., or 4,500° F. This is 
over 1,400° C. above the melting point of copper, about 1,000° C. 


higher than that of iron, and 745° above that of platinum. Osmium, 


tantalum, and tungsten are the only three metals listed by the Bureau 
of Standards as having higher melting points. A resumé of melting- 
point determinations of molybdenum is given by Pirani and Meyer’ 

Moissan 9 determined the specific gravity of molybdenum as 9.01,” 
but recent research has shown that this value is low, and further that 





a Hills, B. W., The molybdenite deposits of Tunk Pond, Me.: Mining World, vol. 31, 1909, p. 323. 

b Dana, E.S., A system of mineralogy, 6th ed., 1911, p. 987. 

¢ Moissan, Henri, Traité de chimie minérale, t. 4, 1904, p. 687. 

d Moissan, Henri, loc. cit. 

e Stratton, S. W., Melting points of chemical elements: Bureau of Standards Circular 35, 1912, 2d ed., p.2. 

/ Pirani, M. V., and Meyer, A. R., Uber den Schmelzpunkt des Wolframs und des Molybdins: Ver. 
deut. Phys. Gesell., Jahrg. 14, 1912, pp. 426-428. 

g Moissan, Henri, loc._cit. 

h Moissan, Henri, loc. cit. 
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the specific gravity of the metal increases appreciably with the amount 
of mechanical working to which it is subjected, a phenomenon common 
to many other metals, such as copper, zinc, and tungsten. The 
specific gravity of ductile molybdenum before drawing was deter- 
mined in the research laboratory of the General Electric Co. as 10.02, 
and after drawing it ranged from 10.04 for a wire 3.75 mm. in diameter 
to 10.32 for a wire 0.038 mm. in diameter. 

The accompanying table ° shows the tensile strength of molybde- 
num wire of various diameters in comparison with that of tungsten 
wire of the same sizes and with that of one size of hard-drawn piano 
wire. It will be noted that the values for molybdenum are approxi- 
mately one-half those for tungsten and for the steel wire of correspond- 
ing size; likewise, that the tensile strength of both molybdenum and 
tungsten increases very appreciably with the fineness of the wire. 
In other words, the more the metals are worked the stronger they 
become. 


Comparative tensile strength of molybdenum, tungsten, and steel wire. 











Diameter : - 
; Kilograms 
: in thou- |Diameter | Pounds per square 
Wire. sandths of | in mm. inch. Cad . 
an inch. ; 
at) 0.125 | 200,000 to 260, 000 140 to 182 
Molybdentim ©. ce. Ae. Sec oe tent see ries 2.8 -070 | 230,000 to 270, 000 161 to 189 
pre - 038 | 270,000 to 310, 000 189 to 217 
5.0 -125 | 460,000 to 490,000 | 322 to 343 
TRUNEStON es cos: fot ceca. Pa eee ee See ee eee 2.8 -070 | 480,000 to 530, 000 336 to 371 
1.5 -038 | 550,000 to 600, 000 385 to 420 
Hard-drawi piano Wire2- 255.0. 2s are oe eee eos 3.0 - 075 507, 000 356 





The electrical resistance of ductile molybdenum is 5.6 microhms 
per cubic centimeter for hard-drawn wire and 4.8 for annealed wire, 
the resistivity being measured at 25°C.° The temperature coefficient 
of electrical resistance between 0° and 170° C. is 0.0050.4 

The specific heat of molybdenum as determined by Defacqz and 
Guichard® is 0.072 at 93° C., 0.074 at 281° C., and 0.072 at 440° C. 

The emissivity of molybdenum measured with red light having a 


wave length 0.650 » has been determined by Burgess and Wal- ; 


tenberg / at temperatures of 2,000° and 2,500° C. as 0.43 and 0.40, 
by Coblentz 9 at room temperature as 0.51, and by Mendenhall and 


a Fink, C, G., Ductile tungsten and molybdenum: Trans. Am. Electrochem. Soc., vol. 17, 1910, pp. 
229-233. 

b From Fink, C. G., loc. cit. 

¢ Fink, C. G., loc. cit. 

d Fink, C. G., loc. cit. 

€ Defacqz, E., and Guichard, M., Sur la détermination de la chaleur spécifique du tungsténe et du molyb- 
déne: Anal. chim. Phys., ser. 7, t. 24, 1901, p. 139. 

f Burgess, G. K., and Waltenberg, R. G., The emissivity of metals and oxides: Bureau of Standards 
Scientific Paper 242, 1914-15, p. 597. 

g Coblentz, W. W., The reflecting power of various metals: Bureau of Standards Scientific Paper 152, 1911, 
p. 197. 
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, Forsythe® at 1,000° and 2,400° C. as 0.44 and 0.37. Hasselberg? has 
_ determined the numerous lines of the spectrum of molybdenum. 

_ As already stated, molybdenum produced by the reduction of 
_ molybdic oxide with carbon in an electric furnace does not possess 
the same physical properties as pure molybdenum, owing to its 
absorption of carbon. Metal obtained by this method is gray and 
brittle.” It is also very hard and scratches steel and quartz; even 
_ the hardest file will not cut it when it contains a certain proportion 
of carbon. The melting point of the gray metal is much below that 
_ of pure molybdenum, and its specific gravity is also lower, ranging 
from 8.6 to 8.9, depending on the amount of carbon present. When 
_ pure molybdenum is surrounded with carbon and heated to about 
 1,500° C., it absorbs carbon and becomes hard. Inversely, if carbon- 
. bearing molybdenum is melted with molybdenum dioxide, the carbon 
in the metal is oxidized and the molybdenum is refined and takes 
_on the physical properties of the pure metal.¢ 





‘CHEMICAL PROPERTIES OF MOLYBDENUM. 


Metallic molybdenum is only slowly oxidized at ordinary tem- 
_ peratures, and drawn molybdenum wire retains its luster almost indefi- 
nitely. On prolonged heating at a dull-red heat it becomes covered 
with a white coating of molybdic trioxide, and at 600° C. it oxidizes 

rapidly and the trioxide formed sublimes. 

Fluorine attacks molybdenum at ordinary temperatures, chlorine 
at a dull-red heat, and bromine at a cherry red, and iodine does not: 
attack it appreciably at temperatures as high as 700° to 800° C. 
Molybdenum is readily attacked by nitric acid but is not affected by 
hydrochloric acid, and sulphuric acid attacks it only when hot and 
concentrated. [used alkalies act only slowly on the metal, but 
fused oxidizing salts, such as potassium nitrate, sodium peroxide, and 
potassium chlorate, attack it rapidly. 
~ Molybdenum combines with oxygen to form several oxides, the 
three most stable of which are the sesquioxide (Mo,O,), the dioxide 
_(MoO,), and the trioxide (MoO,). The first two of these are basic, 
and few of their salts have been studied. The trioxide is acid. It 
is yellow when hot and white when cold. It is precipitated from 
solutions in hydrated form by nitric and hydrochloric acids, but is 
soluble in dilute sulphuric acid and the alkalies. When the hydrated 
_ oxide is gently ignited, it becomes dehydrated and much more diffi- 

cultly soluble in dilute acids. When the trioxide is heated, it sub- 
limes, sublimation commencing at 400° to 450° C. 














® Mendenhall, C. E., and Forsythe, W. E., The relation between blackbody and true temperatures for 
tungsten, tantalum, molybdenum, and carbon, and the temperature variation of their reflective power: 
_ Astrophys. Jour., vol. 37, 1913, pp. 380-390. 
_ © Hasselberg, B.,-Die Spectra der Metalle im electrischen Flammenbogen; Spectrum des Molybdans: 
, K. Svenska vet. Acad. Handb., Ny F6l., Bd. 36, No. 2, 1902, p. 1. 
¢ Moissan, Henri, Traité de chimie minérale, t. 4, 1904, p. 689. 
| 
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A large number of elements combine with malepaie dds to form 
molybdates. Of these; sodium molybdate, Na,MoO,, potassium 
molybdate, K,MoO,, uni ammonium molybdate, {NH,),MoO,, are 
the chief soluble salts of molybdenum. The first two of these are 
formed by fusion of the trioxide with the requisite amount of sodium _ : 
potassium carbonate. The latter is formed by the action of con- 
centrated ammonia on the trioxide. The heavy metals, such as 
bartum, calcium; and lead, form molybdates which are insoluble, 
and use of this fact is made in analytical work. Besides the normal 
molybdates of the form X’,MoO, many complex molybdates aa 
as phospho-molybdates exist. 

With the halogens molybdenum forms several compounds which : 
vary greatly in stability. One compound, MoO,2HCI, is of impor-" 
tance as it is volatile at 250° C. and its formation prorda a means of © 
separating molybdenum from tungsten. 4 

Molybdenum forms two principal sulphides, MoS, and MoS,, both™ 
insoluble in dilute sulphuric and hydrochloric acids. These sulphides 
dissolve in the alkalies to form thiomolybdates of the order X’,MoS,, © 
which react with acids to form sulphur, hydrogen sulphide, molyb-~ 
denum disulphide, and molybdenum trisulphide. 3 

Molybdenum combines with nitrogen, phosphorus, boron, carbon, 
and silicon. More complete references on the chemical properties of 7 
molybdenum are given by Roscoe and Schorlemmer,* who have ~ 
been quoted freely in the foregoing discussion. Moissan ® - also” 
gives detailed data on the chemistry of molybdenum. q 





1 
: 
; 


USES OF MOLYBDENUM. 


The principal use of molybdenum is in the manufacture of alloy” 
steels to which, particularly in conjunction with chromium, manga-- 
nese, nickel, cobalt, tungsten, and vanadium, it imparts many desirabi 
properties. Aros steels are used for a large variety of purposes such. 
as for crank-shaft and propeller-shaft forgings, high-pressure boiler 
plate, guns of large bore, rifle barrels, armor plate, armor-piercing 
projectiles, permanent magnets, ~wire, and for self-hardening and ~ 
high-speed machine tools. Metallic molybdenum is used in various” 
electrical contact making and breaking devices in X-ray tubes, and — 
in voltage rectifiers, and in the form of wire for filament supports in ~ 
incandescent electric lamps, and for winding electric resistance fur-_ 
naces, and in dentistry. Molybdenum is also employed in the manu- 
facture of chemical reagents, dyes, glazes, disinfectants, etc. 


« Roscoe, H. E., and Schorlemmer, C., A treatise on chemistry, vol. 2, 1913, pp. 1059-1082, 
56 Moissan, Henri, Traité de chimie minérale, t. 4, 1904, pp. 685-758. 
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MOLYBDENUM STEELS. 


The early experimenters with the use of molybdenum in steel were 
almost unanimous in condemning the metal. Thomas Blair, of Shef- 
field, England, in a pamphlet published in 1894,¢ quotes a case ‘‘where 
1 per.cent of molybdenum rendered good iron red-short, and utterly 


_ worthless.” The poor results obtained by most of the pioneer inves- 


tigators were due to two main causes—first, the molybdenum powder 
or ferromolybdenum used in making the steels was generally highly 
impure, containing sufficient amounts of sulphur, oxides, and other 
deleterious substances to spoil any steel. Second, the few molyb- 
denum steels that were prepared in such a manner as to be free 
from objectionable impurities were generally ruined by improper 
heat treatment. It is, therefore, not surprising that at the outset 
the element received a ‘‘black eye,” and this bad reputation has 
been an important factor in delaying a more general recognition of 
the value of molybdenum in the manufacture of special steels. 
Thomas Swinden was probably the first to conduct a thorough 
investigation of a series of strictly comparable carbon-molybdenum 
steels ranging in composition up to 8 per cent molybdenum and 1.2 
per cent carbon. Besides proving the extreme susceptibility of these 
steels to heat treatment and that they were easily ruined by even a 
short heating at 950° C. followed by a prolonged cooling, he showed 
that the molybdenum increased the tendency of the steel to harden 
on cold working, and that the effects of oil quenching, followed by 
tempering, were increased by its presence. Further, his investigation 
demonstrated that the effect produced by molybdenum depended to 
a large degree upon the treatment of the steels. With normalized 
steels, molybdenum considerably increased the tensile strength with 
only a slight reduction of ductility, and this influence was most 
marked in high-carbon steels. Hardened and tempered steels con- 
taining 1 to 2 per cent of molybdenum showed extremely high tenacity 
values, accompanied by high ductility, but when steels with higher 
percentages of molybdenum were hardened and tempered, they 
actually became inferior. Annealed steels diminished in strength and 
ductility as the molybdenum content increased, and this diminution 
was noticeable when 0.9 per cent or more of carbon was present. 
Throughout Swinden’s tests the influence of carbon in the presence 
of molybdenum was marked, and there is no doubt that, like tung- 
sten, molybdenum assists in producing hardness by helping to retain 
the carbon in solid solution. The results of Swinden’s work appear 


in two excellent papers. It suffices here to say that in a general 


a Tungsten and chromium alloys. 

b Swinden, T., Carbon molybdenum steels: Carnegie Scholarship Memoirs, Iron and Steel Inst. (London) 
vol. 3, 1911, pp. 66-124; and A study of the constitution of carbon-molybdenum steels, ibid., vol. 5, 1913, 
pp. 100-168. ‘ 
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way molybdenum acts similarly to tungsten in steel, but that it is 
much more active—that is, less of it need be used to produce a given 
result, as might be suspected from its lower atomic weight (96) as 
compared with that of tungsten (184). It is impossible to give any 
absolute figures as to the relative influence of the two elements, as 
their effects are not exactly similar. Guillet? suggested thet the 
effective. ratio of molybdenum to tungsten was 1 to 4, but this is 
probably too high. Giesen ® gives the ratio as 1 to 2.225, and from 
the tests correlated by Swinden .it is seemingly between 1 to 2 and 


1 to 3. - 
MANUFACTURE OF MOLYBDENUM STEELS. 


The crucible process is generally used in the manufacture of 
molybdenum steel, and the molybdenum is added in the form of 
molybdenum powder, ferromolybdenum, or other molybdenum alloys. 
Molybdenum steel can, however, be made in the electric furnace, 
and also by the open-hearth process. It has also been produced on 
an experimental scale in the electric furnace directly from a mixture 
of hematite and molybdenite with coke, lime, and fluorspar.° 

In adding molybdenum to steel it is generally advantageous to 
use ferromolybdenum, ordinarily containing about 80 per cent Mo, 
as the melting point of this alloy is several hundred degrees centigrade 
lower than that of the ordinary commercial brands of powdered 
molybdenum. Further, powdered molybdenum seemingly is more 
prone to oxidation than the ferro-alloy, but on the other hand it gen- 
erally contains 4 or 5 per cent of various oxides of molybdenum which 
may aid in removing excess carbon. 

As molybdenum is generally used in steel in conjunction with 
chromium, tungsten, nickel, vanadium, etc., it is often added in the ~ 
form of alloys with these metals. Standard alloysof this type on the 
market are chrome-molybdenum, with 50 per cent molybdenum and 
50 per cent chromium; molybdenum-nickel, with 75 per cent molyb- 
denum and 25 per cent nickel; and ferromolybdenum-tungsten, con- 
taining molybdenum and tungsten in the proportion of 3 to1. From 
1 to 7 per cent vanadium, according to specifications, is sometimes 
added to the last-mentioned alloy. 


USE OF MOLYBDENUM IN TOOL STEELS. 


Molybdenum acts similarly to tungsten in the presence of chromium 
and manganese, and in combination with either of these elements 
and carbon it produces a self-hardening steel which is said to be a 


a Guillet, Leon, Revue de Métallurgie, 1904, p. 390. 

b Giesen, Walter, The special steels in theory and practice: Carnegie Scholarship Memoirs, Iron and 
Steel Inst. (London), vol. 1, 1909, p. 31. 

¢ Keeney, R. M., The production of steels and ferroalloys directly from ore in the electric furnace: Car- 
negie Scholarship Memoirs, Iron and Steel Inst. (London), vol. 4, 1912, pp. 108-184. Describes produc- 
tion of molybdenum steel (pp. 173-175). 
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little tougher than tho corresponding tungsten steel. A typical steel 


of this kind is one containing 4 to 6 per cent molybdenum, 1 to 2 per 
cent chromium, and 1.85 per cent carbon. Molybdenum likewise 
has the same properties as tungsten with reference to producing the 
high-speed qualities that enable a steel to retain its temper and hard- 
ness at a red heat. These qualities are developed by cooling the 
steel moderately fast from a high temperature, treatment that pre- 
vents the usual critical changes and keeps the steel in the austenitic 
condition. It is believed by many that high-speed steels produced 


*with molybdenum are superior to the corresponding tungsten steels, 
both as regards toughness and durability. It is stated that they 
_ take a fine cutting edge. According to Gledhill,* one of the qualities 


of molybdenum high-speed steel is that it does not require such a 
high temperature in hardening as does tungsten steel, and he states 
that if a temperature of 1,000° C. is exceeded, the tools made from 


the steels are inferior and their life shortened. Carpenter? states, 


on the other hand, that molybdenum steels should be heated to 1,000° 
to 1,100° C. before they are cooled, whereas tungsten steel must be 


heated to about 1,200° C. The superior toughness of molybdenum 


high-speed steels is attributed to the fact that they contain more 
iron, as less molybdenum need be used to obtain the same result as 
with tungsten, and also because a lower heat is required in tempering 
them. 

Certain difficulties, however, have been encountered in the use of 
molybdenum tool steels. . Some users say that they are liable to crack 
in quenching, and others that they do not hold their cutting edge after 
retreatment as well as before. This deterioration in the steel upon 


_ repeated heating for dressing and treatment has been ascribed to the 


disappearance of molybdenum from the outer skin of the steel through 
volatilization. In a few instances service tests with these steels have 
shown irregular cutting speeds and have indicated a tendency of the 
molybdenum to render the tools brittle and weak in their bodies. 


Some users have found that molybdenum tool steel was apt to be 


seamy and to contain physical imperfections, also that it is apt to 
fire-crack during treatment. Molybdenum tool steels of high carbon 


content require great skill in their preparation owing to the difficulty 


Pte. 


of judging by color the definite temperature required for hardening. 
Further, great care in annealing molybdenum steel is necessary after 
it has been worked into bars and before it is cut into shapes for tools, 
and previous to hardening. 

Some of the objectionable features mentioned above, and perhaps 
most of them, are due to the use of impure ingredients in the manu- 
facture of ae steels or to improper heat treatment, and undoubtedly 





@ Gledhill, J. M., The development and use of high- speed tool steel: Jour. Iron and Steel Inst., No. 11, 
1904, pt. 2, pp. 127-182. 
b Carpenter, High-speed tool steels: (out Iron and Steel Inst., No. 1, 1905, p. 460. 
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many of them can be overcome. However, most manufacturers, par-— ; 
ticularly in this country, have almost eritirely discontinued the use of 
molybdenum as a major constituent in tool steel and are now using it~ 
largely 1 in a minor capacity in conjunction with tungsten, cobalt, ete. — 
Used in this way many of the difficulties mentioned above have beam ; 
overcome, and the resulting steels have at the same time required ~ 
certain superior qualities imparted by the molybdenum. A charac- — 
teristic steel of this type is one with 16 to 18 per cent tungsten, 1. ie 
to 2 per cent molybdenum, 4 to 4.5 per cent chromium, and 0.6 per — 
cent carbon, and it is said to be superior in cutting eficenes to the — 
corresponding tungsten-chromium steel. It is also stated that the — $ 
addition of the molybdenum in this steel results in a finer texture and — 
lessens the chances of injuring the steel previous to hardening. The — 
addition of molybdenum is particularly common in high-speed steels : 
where cobalt is used in conjunction with tungsten. This type of steel — 
contains about 16 to 18 per cent tungsten, 4 to 5.5 per cent cobalt, 


and 0.25 to 1.5 per cent molybdenum. Small percentages of vana- ' 
dium are sometimes used in connection with molybdenum and tung- : 
sten in tool steels and are said to increase their strength and cutting : 
efficiency. An analysis of such a steel containing both vanadium and ~ 
cobalt in conjunction with tungsten, chromium, and molybdenum, ¢ 
and known as iridium steel, follows: : 
Approximate average analysis of iridium steel.a : 

Constituent. Per cent. Constituent. Per cent. : 
Cobalt wate esc. viene ae cer 4.95 +;Manganesss: <2) 4 seus a aes Fi 
BE ALORDOIN of Suk re SL og eee 16:00 12 Sulleorist ee. tee eee i 
Chromrum: coe Pee $.55'| Sulphur. Bat oe ee Low. é 
Wanadhimie oi Gee peteke Mammal 674- Phosphoras.9) 325.2 eae 2 
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It is stated that this iridium steel will do 60 per cent more work — 
than the best tungsten steel. . 
The introduction of high-speed tool steels has completely revolu- — 
tionized machine-shop practice. Gledhill * states that, as compared 
with cutting speeds of 30 to 50 feet per minute for ordinary crucible — 
steel, high-speed steels are now made that will cut_500 feet per — 
minute on steel, and drill cast iron at the rate of 25 inches per min- : 
ute. Planing hoe of 15 to 25 feet per minute have been increased ~ 
to 50 and 60 and even to 80 feet per minute. The high-speed on g 
drill has also made radical changes in practice. To-day it is cus- ~ 
tomary to stack small plates and drill them instead of anche 
them, not only saving time, but avoiding the hability of injuring the © 
a Hess, F. L., Cobalt, Mineral Resources, U. S., 1912, U. 8. Geol. Survey, 1913, p. 967. 
b Rpresinte 


¢ Gledhill, J. M., The development and use of high-speed tool steel: Jour. Iron and Steel Inst., No. 11, — 


* 
% 
1904, pp. 127-182. ; 
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‘metal by straining it. The plates for torpedo boats are now drilled 
instead of punched. It was formerly the custom to core in the holes 
in pipe flanges, but they are now drilled. 


USE OF MOLYBDENUM IN MAGNET STEEL. 


The molybdenum steels used in making permanent magnets are 
similar in composition to the high-speed molybdenum steels. They 
generally contain 2 to 3 per cent molybdenum, 0.5 to 0.7 per cent 
carbon, and sometimes about 0.5 per cent chromium. After harden- 
ing they retain their magnetism longer than hardened carbon steel, 
and are said to be superior to tungsten magnet steels. Some steels 
of this type contain up to 6 per cent molybdenum. 


USE OF MOLYBDENUM IN ACID-RESISTING STEELS. 


Alloyed with chromium, and sometimes with chromium and 


‘tungsten, molybdenum is used in preparing acid-resisting steels. 


Borchers % states that an alloy containing 2 to 5 per cent molybde- 


num, about 10 per cent chromium, and a little or no carbon, is prac- 


tically acid proof. Molybdenum-tungsten-chromium-iron alloys have 
also been made that are insoluble in hydrochloric, sulphuric, or nitric 


acid, and an alloy containing 60 per cent chromium, 35 per cent iron, 


‘and 2 to 8 per cent molybdenum is said to resist even the action of 
boiling aqua regia.® Differences in the heat treatment of these . 
alloys have a great effect on their acid-resisting qualities. 


USE OF MOLYBDENUM IN OTHER ALLOY STEELS. 


Molybdenum is used in conjunction with chromium and nickel to 
produce steels with a wider heat-treatment range and with even 
greater tensile strength than are possessed by chrome-nickel steel. 
These chrome-nickel-molybdenum steels contain about 1 per cent 


chromium, 2 to 3 per cent nickel, and 0.25 to 0.5 per cent molybde- 


num, and on account of their high tensile strength and elastic limit, 
‘they have a range of usefulness that is limited only by their cost. 
‘These properties make them of special value for crank shafts, pro- 


_peller shafts, and other machine parts that are subjected to alter- 


nating and repeated stresses. For example, they are used to some 


extent in the frames and axles of automobiles and railroad rolling 
stock. The high tensile strength of these steels is also responsible 
for their use in the best grades of high-pressure boiler plate such as 


is used on torpedo boats. They are also employed in making guns 


of large bore, and rifle barrels, and for such use they have the added 





advantage of being highly resistant to the erosive action of the gases 
generated by the explosives. 


@ Borchers, W,, Acid-resisting alloys; Engineer (London), vol. 114, July 26, 1912, p. 83. 
_ > Benner, R. C., Recent advances in industrial chemistry: Min. and Sci. Press, vol. 105, 1912, p. 629. 
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It has been found that the addition of a small percentage of t 
molybdenum is advantageous in the manufacture of armor plate — 


and shields for small guns. The molybdenum is said to make the 
steel softer when it is annealed so that it can be planed more readily, 
and upon hardening, the molybdenum content produces an increased 
tensile strength. The exact compositions of the various molybde- 
num steels used in armor plate are, of course, carefully guarded 
secrets. Stoughton? states that Krupp armor plate (probably of 
early manufacture) contains about 3.25 per cent nickel, 1.5 per cent 
chromium, and 0.25 per cent carbon. The assumption is safe that the 


introduction of 0.25 to 0.5 per cent of molybdenum in a steel of this — 


composition would increase both its hardness and its tensile strength. 

The use of molybdenum in connection with chromium is reported 
for producing steels of great hardness and high elastic limit, which 
are employed in the manufacture of armor-piercing projectiles. 


About 1 per cent of molybdenum added to a nickel steel is said to © 


impart to it remarkable drawing qualitiés. 
FERROMOLYBDENUM. 
Ferromolybdenum has been used for electrodes in arc lamps.? 


USE OF MOLYBDENUM IN STELLITE. 


Small percentages of molybdenum are used in certain patented non- — 
ferrous alloys consisting essentially of chromium and cobalt. These — 
alloys are known under the trade name of ‘‘Stellite,’’ and possess re- — 


markable high-speed qualities when used for machine tools. They 


are also employed for cold chisels, wood-working tools, cutlery, etc. — 
Their use in cutlery is of particular interest as they do not tarnish — 


under atmospheric influences and are unaffected by fruit acids. 


In so far as molybdenum is concerned, two stellite alloys are of ; 


interest, namely, those containing cobalt, cheercadiey and molybdenum, 
and those containing cobalt, chromium, tungsten, aril molybdenum. 
Haynes,° the inventor of nee alloys, says: 


When molybdenum -is added to a 15 per cent cobalt-chromium alloy [15 per cent 
chromium], the alloy rapidly hardens as the molybdenum content increases, until 


the content of the latter metal reaches 40 per cent, when the alloy becomes exceed- — 


ingly hard and brittle. It cuts keenly and deeply into glass, and scratches quartz 
crystal with ease. It takes a beautiful polish, which it retains under all conditions, 
and on account of its extreme hardness its surface is not readily scratched. When 
25 per cent of molybdenum is added to a 15 per cent chromium alloy, a fine-grained 
metal results, which scratches glass somewhat readily, and takes a strong, keen edge. 


Its color and luster are magnificent, and it will doubtless find a wideapplication for 


fine, hard cutlery. It can not be forged, but casts readily, and its melting point is not 
abnormally high. 


a Stoughton, Bradley, The metallurgy of iron and steel, 1908, p. 407. 

b Editorial, Molybdenite: Min. and Sci. Press, vol. 104, 1912, p. 781. 

¢ Haynes, Elwood, Alloys of cobalt with chromium and other metals: Trans. Am. Inst. Min. Eng., 
vol. 44, 1912, pp. 576-577. 
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These stellite alloys are silvery-white. They are insoluble in nitric 
acid and are only slowly attacked by hydrochloric acid. ees 
-is the analysis of a typical molybdenum stellite. 


Analysis of a typical molybdenum stellite.a 





Constituent. Per cent. 
Ue Cer me Ma ee oie eth ASP oee che eae a Spm eh et ee Sor Oat Ss 22. 50 
Ee ee ge ee Me ee S350 ee 59. 50 
ae ee eee ee Re rie ei Soe ee a pee 10. 77 
ee ree er ge Sn a aS eg eo es A eo ge SP eee ne a 
inne eamrret en, Rae La eee oe a eh. A ee SY 2. 04 
Cee eS oie B eee ape By SUE nen IN Neh Rl A a 2 OF 
Alp. opie iia ey Satake Rei Lad ay Sots eariee ete!) es ree SUE 
SN ge re ee es er tte gre Ve af Sel OL . 084 
Is b OG n eben a 6 SSO SSRIS ORE rail ee . 040 
AN ede oo Ra Nee: Rt eg SE egg et 5 2 ln 00 
None A? ety a ee eae eters en SI eH 00 
99. 684 


USES OF METALLIC MOLYBDENUM. 


The uses of metallic molybdenum have been greatly extended by 
the discovery of certain processes by which it can be obtained in 
ductile form.® As wire, it is used for supporting the filaments in in- 
candescent electric lamps. Of course, the quantity of the element 
used in a single lamp of ordinary Pr dierone: is extremely small, 
but in argon-nitrogen-tungsten lamps of high candlepower the mo- 
lybdenum supports are of very appreciable size and weight. Molyb- 
denum wire is also employed for winding electric resistance furnaces, 
and for this use it has proved both cheaper and superior to platinum 
because of the quicker heating and the higher temperatures attaina- 
ble. In this work it must, of course, be protected from the air to 
prevent its oxidation. 

Molybdenum has been successfully substituted for platinum and 
for platinum iridium in various electric contact making and breaking 
devices. On account of its high heat conductivity in the ductile 
form, and because its relative cheapness permits its use in large 
masses, the formation of heavy coatings of nonconducting oxide are 
prevented, and under the conditions existing in these contacts, any 
thin coatings of oxide formed are conductors. The Coolidge X-ray 
tube and a voltage rectifier of recent manufacture have a very con- 
siderable proportion of ductile molybdenum used in their construction. 
Gold-covered molybdenum wire is used in dentistry to a considerable 
extent, and research work is being carried on to extend the use of 
special molybdenum alloys in this field.¢ 


a Hibbard, H. D., Manufacture and uses of alloy steels: Bull. 100, Bureau of Mines, 1915, p. 61. 

b See Coolidge, W. D., U.S. Patent 1082933, Dec. 30, 1913. 

¢ Winne, R., and Dantsizen, C., Small electric furnace with heating element of ductile tungsten or ductile 
molybdenum: Jour, Ind. and Eng. Chem., vol. 3, October, 1911, p. 770. 

d Fahrenwald, F. A., A development of practical substitutes for platinum and its alloys, with special 
reference to alloys of tungsten and molybdenum: Am. Inst. Min. Eng., Bull. 109, January, 1916, pp. 103-149. 
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It is suggested that molybdenum may be successfully used with — 
tungsten as a thermocouple for the measurement of high tempera- 
tures. The advantage in the use of these metals is that they 
have much higher fusing points than platinum, platinum-iridium, or 
platinum-rhodium couples, such as are ordinarily used, and although 
they oxidize at high temperatures, they might be protected from the 
air by covering them with fused magnesia or similar substances. The 
voltage curve of the molybdenum-tungsten couple has been studied 
by Northrup.¢ 


USE OF MOLYBDENUM IN CHEMICALS. 


The chief use of molybdenum in chemicals is as ammonium molyb- 
date, (NH,),MoO,, and sodium molybdate, Na, MoQ,. The first is 
employed principally as a reagent in the quantitative determina- 
tion of phosphorus in iron and steel, various ores, fertilizers, soils, 
etc., and in the quantitative determination of lead. The equivalent of 
several tons of metallic molybdenum is said to be consumed annually 
in this form by the iron and steel plants in the United States for the 


determination of the phosphorus content of their products. It is | ‘ 


reported that ammonium molybdate is also used for fireproofing, and 
as a disinfectant for cloth used in railroad coaches and for similar 
purposes. It is said to be a strong germicide. Sodium molybdate 
was at one time used rather extensively in ceramics to impart a blue 
color to pottery and in the manufacture of certain glazes, but it is 
understood to have been replaced almost wholly in this field by 
cobalt compounds. It is also used in dyeing silks and woolens. — 
Molybdenum indigo, Mo,O,, is used:for coloring rubber and is said 
to be noninjurious to the material.? 

Fast colors in a large variety of shades may be produced on leather _ 
by employing molybdenum tannate in conjunction with logwood — 
extracts. ° 

A process involving the use of molybdenum for the preservation 
of cordite in hot climates is said to have been discovered in France.¢ 
It is also rumored that molybdenum is used in the synthetic pro- 
duction of ammonia under processes covered by German patents 
and in which it is said to act as a ‘‘promoter” to the catalyzers used. 
It is well known that ammonia may be made by heating molybde- 
num oxide or molybdenum hydroxide, or mixtures of the two, to 

a Northrup, E. F., Tungsten and molybdenum; their thermal E. M. F.: Met. and Chem. Eng., vol. 11, 
January, 1913, p. 45. 

> Hess, F. L., Tungsten, nickel, cobalt, etc.: Mineral Resources U. S. for 1908, U. 8. Geol. Survey, 1909, 
eRe an E., Production de coluers fixes sur tous genres de cuirs, par l’emploi de sels de molybdéne 
combinés & des matierés tannantes ou & des coluers mordantes vegetales: Compt. rend., t, 135, 1902, 


p. 801. 
_ 4Editorial, Molybdenite: Min. and Sci. Press, vol. 108, 1914, p. 860. 
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about 500° to 600° C. with equal equal parts of nitrogen and hydro- 
gen, and under a pressure of about 60 atmospheres, to form molyb- 
denum nitride, which when heated in a vacuum yields ammonia and 
metallic iMolyhdenum. : 


~ 


PRODUCTION OF MOLYBDENUM ORES. 


Queensland, New South Wales, and Norway have to date furnished 
the major part of the world’s production of molybdenum, the output 
derived from all other countries, including the United States, prob- 
ably not amounting to 10 per cent of the total. Austria, Canada, 
France, Germany, Great Britain, Japan, Mexico, Natal, Russia, Swe- 
den, the United States, and Australian States other than those men- 
tioned above have at times made a small production of molybdenum 
ore, but with the exception of the United States their output has 
been too small to be worthy of consideration. 
The following table shows the tonnage and value of high-grade 
molybdenite concentrates produced in Queensland, New South 
Wales, and Norway from 1902 to 1914: 


Production of high-grade molybdenite concentrates in Queensland, New South Wales, and 
Norway, 1902 to 1914. 








Queensland, a New South Wales. 6 Norway. ¢. 
Year. Se ee ee 
Short tons.} Dollars. | Short tons.| Dollars. | Short tons.} Dollars. 
1 TLCS serene, 5 iG ies aly d 45.9 d 26,770 16.8 8, 960 22 16, 100 
Btu ere Se SS ee es d 26.9 d 10, 220 32.5 21, 690 34 21, 400 
GL agi a ie oe «arent eae earns 23.6 13,010 28.3 13, 270 33 17, 400 
(DS a ee ee de ae ae 70. 8 41,340 21.7 12, 200 51 16, 300 
BOS Reet eons eae ou ee oe 118.9 74, 330 36. 6 23, 350 € 1,129 14, 200 
BOW ete ere Shs Se 8s A: 74. 0 41, 080 24; 2 17,340 33 12, 900 
ee te eT eS 98, 7 44, 960 9.5 4, 520 39 13, 400 
1 ae oS eee 103.9 45, 120 31.5 15, 810 33 12, 100 
CENTS tah Sa ele ait ae re RS ED 118. 6 58, 640 53. 2 Dinos lett. Auciatts ae lose oe eae 
REO ee a ee nis 111.4 64,610 23.1 12,610 2 800 
LEE tse Sie 7 es ae a 114.6 84, 420 63.3 18, 030 23 5, 400 
ee Se oo ee ke CS Sais as 74.3 92, 460 88.3 33, 100 13 3, 200 
Bereta ee ee ee eS 87.1 185, 830 68, 8 OO; fa Stee he Oe eis oe ee 





a Data from annual reports of the under secretary of mines, Queensland. 

6 Data on quantity exported from annual report, Department of Mines, New South Wales, 1914. 

ce Data from Norges Bergvaerkdrift, Norges Officielle Statistik. 

@The molybdenite production of Queensland in 1902 and 1903 as officially reported includes a small 
tonnage of bismuth and tungsten ore. 

e Probably ore. 


QUEENSLAND. 


The first official record of a production of molybdenite in Queens- 
land was in 1900, when the output amounted to 12.3 short tons of 
high-grade material. The production gradually increased to 118.9 
short tons in 1906, and it varied little from this figure until 1913, when 

“it dropped to 74.3 tons, but rose again in 1914 to 87.1 tons. The 





@ Tucker, S. A., and Moody, H. R., The production of hitherto unknown metallic borides: Jour. Chem. 
Soc., vol. 81, 1902, p. 16. 
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value of the production in the latter year, however, showed an enor- — 
mous increase, owing to an advance in prices, and amounted to 


$185,830, or more than twice the value of the 1913 production, which 
was only slightly less in tonnage. The total production to the end of 
1914 was approximately 1,030 short tons, valued at about $760,000. 
The bulk of this material was mined at Wolfram Camp, in the Chil- 
lagoe field, about 120 miles southwest from Cairns, in northern 
Queensland. The mines at Bamford, in the same field, are, however, 
credited with a small production. In 1914 the principal producing 
properties in the Wolfram Camp district were the Murphy & Geaney 
mine, which treated 1,233 long tons of ore, which yielded 20.2 tons 
of molybdenite, valued at £9,543, and 83.4 tons of bismuth-tungsten 


concentrates, valued at £5,558, and the Larkin & Wade mine, which. 


made a total output of 1,254 long tons of milling ore, which yielded 
9.65 tons of molybdenite and 54.55 tons of bismuth-tungsten con- 
centrates. Other mines at Wolfram Camp which made smaller pro- 


ductions of molybdenite were the Gillian Lease, Tulley, Tulley Block, 


Hillside United, Smith United, and Mulligan & McIntyre. At Bam- 
ford the Trafalgar, Evening Star, Northern United, Morning Star, and 


Sunny Corner mines made a total output of 8.55 long tons of high- — 


orade molybdenite. 
The total production of the Chillagoe district in 1914 was 76.25 


long tons of molybdenite. The remainder of the output came from — 


the Star River (Ollera) district and from a newly discovered field at 
Glen Atherton; on Upper Tinaroo Creek, in the Gladstone district. 
Detailed descriptions regarding the occurrence and production of 
molybdenite in Queensland are given in the annual reports of the 
acting undersecretary for mines and in the references following: 


Interature on occurrence and production of molybdenite. 


Saint-Smith, E.C., Molybdenite in the Stanthorpe-Ballandean districts, Southern 
Queensland: Queens. Govt. Min. Jour., vol. 15, 1914, pp. 184-189. 


Cameron, W. E., Wolfram, molybdenite, and bismuth mining at Wolfram Camp, — 


Hodgkinson goldfield: Queens. Govt. Min. Jour., vol. 4, 1903, pp. 350-352. 


Cameron, W. E., Wolfram and molybdenite mining: Queens. Govt. Min. Jour., — 


vol. 5, 1904, pp. 62-65. 


Ball, L. C., The wolfram, molybdenite, and bismuth mines of Bamford: Geol. Surv. 


Pub. 248, Mines Dept., Queensland. 


Ball, L. C., Rare-metal mining in Queensland—résumé of recent field studies: — 


Queens. Govt. Min. Jour., vol. 14, pp. 4-7. 
NEW SOUTH WALES. 


The production of molybdenite in New South Wales was first 


reported in 1902. In that year the output was 16.8 short tons, 
valued at $8,960. The total production to the end of 1914 was 
498 short tons, valued at over $264,000. 


A 


iy 
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_ The principal producing molybdenite mines are at Whipstick in 
the Pambula division, at Kingsgate in the Glenn Innes division, and 
near Deepwater in the Deepwater division. The annual report of the 
Department of Mines for the year 1914 states that at Whipstick the 
Whipstick Mines (Ltd.) raised 63 long tons of ore, estimated to con- 
tain 9 tons of concentrates, valued at £5,000. At Kingsgate, in the 
Glenn Innes division, the Yates mine produced 8.75 tons of concen- 
trates, containing 94 per cent molybdenite and valued at £4,700, and 
the Glenn Innes Molybdenite and Bismuth Syndicate sold 1.6 long 
tons of concentrates containing 92 per cent molybdenite for £655. 
The Sacks mine at Kingsgate produced 0.85 ton of molybdenite, 
valued at £340. In the Deepwater division the Bow Creek Molyb- 
denite Mines (Ltd.) produced 65 long tons of ore, which yielded 
1.63 tons of concentrates, valued at £735. In the same division 
11 tons of ore, which yielded 1.5 tons of molybdenite concentrates, 
valued at £700, was mined by E. A. Baker, and 28 tons of ore, which 
yielded 1.4 tons of molybdenite, assaying 93 per cent MoS,, and valued 
at £667, was mined at Four Mile by E. L. Key. At Rocky River, 
in the Tantafield division, 80 tons of molybdenite ore, valued at £631, 
was mined, and in the Bathhurst division, 38 tons, valued at £800. 
The table on page 29 shows that the greatest production of molyb- 
denite in New South Wales was in 1913, when 88 short tons, valued 
at $33,100, was mined, and that in 1914 the output decreased to 
68.8 tons. On account of the marked advance in prices, however, 
the value of the output\in the latter year was more than $20,000 in 
excess of the value of the production in 1913. 
Detailed descriptions of the occurrence and production of molyb- 
denite in New South Wales are given in the annual reports of the 
department of mines, New South Wales, and by Andrews.¢ 


NORWAY. 


_ In Norway the production of high-grade molybdenite concentrates 
has averaged about 30 tons per annum since 1902. The table on 
on page 29, in which the output of this country is given by years, 
shows that in 1906 a production of 1,129 short tons was reported. 
This figure doubtless does not represent the output of a high-grade 
molybdenite concentrate, but Ae: the production of ore in that 

‘year. 

_ The principal molybdenite-producing sections in Norway are the 
Provinces of Lister og Mandal and Nedenes, on the extreme south- 
ern end of the peninsula. The district of Fjotland,in the former 
Province, is probably richer in molybdenite than any yet discovered 
in Rorray. A mine at Knaben, in this district, has been the largest 


_ @ Andrews, E. C., Molybdenum: New South Wales Dept. of Mines and Agriculture, Geol. Survey Min. 
Resources, No. 11, 1906, 17 p. 
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and probably the only successful producer in Norway. This mine, — 
owned by George G. Blackwell & Sons Co., of Liverpool, England, — 
has made an average output of about 25 short tons per annum. In 
1912 about 200 tons of low-grade molybdenite ore was mined at 
Reinshommen, in Fjotland, and about 610 tons of ore averaging 
about 2.4 per cent MoS, at Langvand. Of this latter amount 390.5 | 
tons was milled, yielding 0.5 metric ton of concentrates, assaying 51 __ 
per cent of MoS,, and 10 tons of second concentrates running bom 
23 per cent Mos,.? 
It is reported ‘that on account of the tremeneed demand and high 
prices being paid for molybdenum a considerable interest is being — 
taken at the present time in developing some of the numerous Nor- 
wegian deposits. The Ore Concentration Co. (Ltd.), of London, has— 
recently tested several parcels of Norwegian molybdenite ore agore=_ 
gating over 100 tons. This company states that the Elmore oil-— 
flotation process is in use at two mines in Norway, and that large 
quantities of molybdenite concentrates have already been shipped. | 


UNITED STATES. 


o 
The principal production of molybdenum ore in the United States _ 
-was in 1903, when, according to Pratt,° 795 short tons of wulfenite 
and mol ebderet concentrates, auee at $60,865, was marketed. < 
Probably 750 tons, or more, of this material consisted of wulfenitall 
concentrates obbnnted by sluicing tailmgs from a cyanide mill at . 
Mammoth, Ariz. The ore from ha these tailings were derivedil 
came on the Mammoth mine at Schultz, about 3 miles away. The 
remainder of the output, consisting of molybdenite concentrates, was _ 
probably derived from the Crown Point mine, Chelan County, Wash. 4 
with perhaps a ton or two from the mine of the American Molybdenum ~ 
Co., at Cooper, Me., and from other sources. Previous to 1903 prac- — 
Feane the entire ponmnererl output of molybdenum ore in this — 
country consisted of 20 to 30 tons of high-grade molybdenite obtained — 
from the Crown Point mine.? From 1903 to 1914 the United States 
Geological Survey has recorded a production of a marketable molyb- — 
denum product in only three years, namely, 1905, 1906, and 1907. — 
The output in these three years was confined to small lots of molyb-— 
denite derived largely from the Crown Point mine and from a deposit — 
near Homestake, Mont., and to a few tons of wulfenite concentrates — 

















@ Editorial, Norwegian molybdenite: Eng. and Mia. Jour., vol. 98, 1914, p. 820. 

> Editorial, Molybdenum recovery by the Elmore process: Eng. and Min. Jour., vol. 99, 1915, p. 907. 

¢ Pratt, J. H., The steel-hardening metals: Mineral Resources U. 8. for 1903, U. 8. Gaal: Survey, ie 3 
p. 308. 

@d Pratt, J. H., Tungsten, molybdenum, uranium, and vanadium: Mineral Resources U. S. for 1901, 4 
p. 268, and for 1902, p. 287, U. S. Geol. Survey, 1902 and 1903. 








“3 
4 THE MOLYBDENUM MINERALS. . oD 


from Arizona.” Official statistics as to the production in 1914 are 


‘as yet not available, but it is known to have been small and to have 


consisted for the most part of wulfenite concentrates obtained from 
-asmall mill erected by F. H. Hereford and R. O. Boykin, of Tucson, 


Ariz., to re-treat the tailings piles already mentioned at Mammoth, 
Ariz. Small lots of high-grade molybdenite coming from the Crown 


Point mine, Chelan County, Wash., and the Romero Mining Co.’s 


property near Porvenir, N. Mex., were also marketed in 1914. 
Since January, 1915, the production of both molybdenite and 
wulfenite in this country has shown a notable increase. In October, 


1914, the Primos Chemical Co., of Primos, Pa., purchased a molyb- 
_ denite prospect on Red Mounean, near Rprcice, als, and developed 
the property to such an extent cane shipments of ae were made in 
January, 1915, and it is understood that they continued at the rate 
of two to irae 25-ton carloads per week until the mine was shut 


~ 


down for the winter. It is reported that the ore shipped contained 
2 to 3 per cent of molybdenite. Since the beginning of 1915 an 


“assaying and ore-testing firm of Denver, Colo., has purchased con- 
siderable quantities of molybdenite ore coming from various mines 
“in this country and Canada, and is said to have marketed a small 
_ tonnage of molybdenite concentrates of good grade derived from these 
ores. The embargo placed by Great Britain on the exportation of 
“molybdenum ore from her colonies has of course since prevented 
further receipt of Canadian ores by this company. It is reported 


that a contract was placed with another company of Denver, Colo., 


“in 1915, for the concentration of 500 tons of low-grade molybdenite 


ore from a deposit on Bartlett Mountain, Summit County, Colo., and, 


further, that several hundred tons of low-grade ore from neighboring 


claims were concentrated by flotation with fair results at Leadville, 


“Colo. Considerable development work was done on these deposits 
during the year. Noteworthy development, resulting in the produc- 
tion of a considerable tonnage of low-grade ore, was likewise done by 


the Leviathan Mines Co. on its molybdenite property near Copper- 


ville, Mohave County; Ariz. Several molybdenite prospects throughout 


the West produced small quantities of ore, and small lots of high- 


grade molybdenite were obtained from some of them by careful selec- 
_tive mining on streaks of high-grade material and by land picking. 


The production of wulfenite also increased. F. H. Hereford and 


R. O. Boykin enlarged their mill at Mammoth, Ariz., to over twice 


a Pratt, J. H., Steel and iron hardening metals: Mineral Resources U. S. for 1905, U. 8. Geol. Survey, 


1906, p. 412. fice! F. L., Nickel, cobalt, vanadium, etc.: Mineral Resources U. 8. for 1906, U. 8. Geol. 
_ Survey, 1907, p. 539. Hos, F. L., Tungsten, nickel, cobalt, etc.: Mineral Resources U. S. for 1907, U.S. 
Geol. Survey, 1908, p. 721. 
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its previous capacity, and during the summer were producing a wul- 
fenite concentrate containing approximately 22 per cent MoO, at 
the rate of about 2 tons per day. 

A small production of wulfenite concentrates were said to have 
been derived in 1915 by Mr. Frank Widener, of Cutter, N. Mex., from 
a deposit about 30 milés west of that place. Considerable develop- 
ment work was done on the Old Yuma mine near Tucson, Ariz., and 
a small mill was erected for the treatment of the wulfenite ore by 
Col. Epes Randolph and associates of Tucson. 

The author believes that the output of molybdenum contained in 
the molybdenite and wulfenite ores mined in the United States in 
1915 will compare favorably with that of any other country. Whether 
it will continue to increase in the future depends entirely on the 


demand. 
CANADA. 


The production of molybdenum ore in Canada has to date been 
confined to small lots of high-grade molybdenite obtained by cobbing 
and hand-picking ore from rich streaks in certain deposits in the 
Provinces of Ontario and British Columbia. It is reported that these 
lots, which have usually averaged 500 to 2,000 pounds in weight, have 
been largely sold to chemical manufacturers in the United States, 
although a few of them have been shipped to England. In addition 
to this output of high-grade material perhaps 100 to 200 tons of 
medium-grade molybdenite ore has been shipped to the United States 
or to England for concentration. Of course, since the embargo 
placed by Great Britain on the exportation of molybdenum ore from 
her colonies such shipments to the United States have ceased. 
Although up to the present time no production worthy of mention 
has been made in Canada, that country has several promising deposits 
of high-grade molybdenite ore and is doubtless capable of a consider- 
able production. 





IMPORTS OF MOLYBDENUM. > 


Under the tariff of 1909 the duty on molybdenum or ferromolyb- 
denum valued at $200 per ton or less was 25 per cent ad valorem, 
and on material valued at more than $200 per ton it was 20 per cent. 
ad valorem. Under the existing tariff this duty was reduced to 15 
per cent ad valorem, irrespective of value. Ores of molybdenum 
may be imported Faas Although it is known that small lots of 
high-grade molybdenite have been brought into this country at fre- 
quent intervals, no figures as to the quantity so imported can be 
given, as no separate account of the imports of molybdenum ore are 
kept by the customs service. However, the total quantity is prob 
ably not large, as practically the entire output of Queensland, New 
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South Wales, and Norway, which have been the principal producing 
countries to date, has been taken by Germany, England, and France. 
It is understood that during the early part of 1915 about 60 tons of 
high-grade molybdenite ore was imported from Canada for concen- 
tration in this country; but the action of the British Government in 
placing molybdenum ores, metallic molybdenum, and ferromolyb- 
denum on the list of absolute contraband has made impossible fur- 
ther shipments of such material into this country, either from Canada 
or other British possessions. 

The table following shows the amount and value of the molybdenum 
and ferromolybdenum imported into the United States during the 
years 1911 to 1915. Previous to 1911 imports of these metals were 
not separately reported by the customs authorities. It will be noted | 
that during the period covered by the table imports of these metals 
were practically negligible. 


eee and value of imports of molybdenum and ferromolybdenum into the United 
States, 1911 to 1915. 





Calendar year. Tons. Dollars. 
19d ees sees 8.5 11, 409 
VOT2 ae ee 4.0 4,670 
191 Gs een ete. 7.0 15, 939 
L014 oe isc eee oh 59 
1915 jo Seetecaeaeess 2.0 2,370 


MARKET FOR MOLYBDENUM. 


Under normal conditions practically 90 per cent of the world’s 
molybdenum production is used in making alloy steel and only about 
10 per cent in the manufacture of chemicals and for all other pur- 
poses. At first glance it is therefore somewhat surprising that with 
the greatly increased demand for alloy steels occasioned by the 
European war the market for the element should not have developed 
to a larger degree, and in a greater measure kept pace with the 
phenomenal demand for its sister metal, tungsten, especially as 
molybdenum has in the past been used principally in the manufac- 
ture of field artillery, coast-defense and naval guns, rifle barrels, 
armor plate, armor-piercing projectiles, etc., and of high-speed tool 
steel, which is finding such a large use in the manufacture of these 
and other munitions. The ultimate market for molybdenum has, 
however, always been largely in Europe, the use of the element in 
steel being much more popular abroad than in the United States. 
Up to the present time France, England, and Germany have taken 
practically the entire molybdenum output of the world, and in com- 
parison an almost negligible quantity of molybdenite and wulfenite, 
derived from the small domestic production and small quantities of 

molybdenite imported, have been treated in this country. . Outside 
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of a few companies that are purchasing high-grade molybdenite con- 
centrates for the manufacture of chemicals, there are even to-day — 


only five concerns in the United States that are making metallic 
molybdenum or ferromolybdenum. Of course, there are many ore 


buyers in this country who are in the market for molybdenite con- 


centrates, but their market is in turn almost wholly abroad, and they 


act either as middlemen, on their own behalf, or as agents for Kuro-— 


pean purchasers. 


The development of the molybdenum market has in the past and — 
is at present being retarded by the fact that manufacturers who 
might use or might investigate the possibilities of using the metal — 


are kept out of the market by the fear of not being able to obtain 


steady supplies. On the other hand, those who might be interested — 
in the development of some of the extensive low-grade molybdenite 
or wulfenite deposits in this country are prevented from doing so by © 


_ the small visible demand and the fear that any large production will 
glut themarket. Owing to these conditions, the mining of molybde- 


num has, as already stated; been confined in the past to small-scale 
operations on high-grade streaks of molybdenite ore, and the methods — 
of recovery have been limited largely to cobbing and hand picking. — 
The unprecedented demand for steel-hardening metals, occasioned by — 
the European war, is, however, slowly drawing the attention of both — 
prospective producers and consumers to the possibilities in regard to — 
molybdenum. Several mining operations looking toward a con-— 
siderable production of both molybdenite and wulfenite have already — 
been commenced, and, on the other hand, manufacturers are investi- — 


gating the possibilities of using molybdenum in a large way, and are 
beginning to realize that it is not as they generally supposed, due to 


the scarcity of the element. in nature and the nonexistence of ore 


bodies that steady supplies have previously not been available, but 
rather to lack of development of these ore bodies. 


How great a quantity of molybdenum the market will absorb under 7 


existing or future conditions is extirely a matter of speculation. 
It is the author’s opinion, however, that the demand for the element 
will keep pace with a greatly increased production, particularly if 


the metal is offered at prices below those normally asked for tungsten. — 


HOW MOLYBDENUM CONCENTRATES ARE MARKETED. 


The basis on which molybdenum ores and concentrates are bought i 
and sold varies according to whether the contained molybdenum 


mineral is molybdenite or wulfenite. Molybdenite products are in- 
variably purchased on the basis of their molybdenum content, 
reckoned as MoS,, whereas wulfenite is always bought either on the 


basis of its molybdenum content expressed as metallic molybdenum ~ 


or as MoO,. It is unfortunate that custom should have established 
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these three methods of calculation where one, based on the content 
of metallic molybdenum, would have sufficed and avoided needless 
complications and frequent misunderstandings between buyers and 
sellers. In connection with the use of these three standards it may 
be of interest to note that 1 part by weight of MoS, is equivalent to 
0.9 part of MoO, and to 0.6 part of Mo, and, inversely, that 1 part 
by weight of Mo is equivalent to 1.5 parts of MoO, and to 1.67 parts 
of MoS.,,. , 
In the United States the short ton of 2,000 pounds is the measure 
of weight used in buying and selling molybdenum ore, and quota- 
tions are generally based on the number of units of 20 pounds each 
of pure Mo, MoO,, or MoS, contained in a ton. In Kurope, on the 
other hand, the long ton of 2,240 pounds is almost invariably used, 
and accordingly European purchasers settle on the basis of a unit 
containing 22.4 pounds. Quotations both in this country and 
abroad are generally made on a sliding scale to cover various grades 
of material. Specifications usually state the mmimum percentage 
of Mo, MoS.,, or MoO, in the ore or concentrates that is acceptable to 
the purchaser, and also the maximum percentage of objectionable 
elements, such as copper, tungsten, bismuth, arsenic, and antimony 
that will be allowed. Just what are objectionable elements depends 
largely on the use to which the molybdenum product derived from 
the concentrates is destined and the methods employed in treating it. 
Copper and tungsten seem to be universally objectionable both to 
the iron and steel and to the chemical trades. Copper is particularly 
undesirable and its presence in excess of 1 per cent, even in high- 
grade molybdenite concentrates, is usually sufficient to render the 
material unmarketable. Some dealers will, however, accept con- 
-centrates containing more than 1 per cent copper, but when 4 or 5 
per cent copper is present the penalties exacted are such as to be 
prohibitive. Likewise, some dealers have no objection to the pres- 
ence of small quantities of arsenic and bismuth in molybdenite con- 
centrates, as they state that these elements are readily volatilized 
_when the ore is roasted in the process of treatment. Up to 1914 it 
was difficult to sell molybdenite concentrates containing less than 80 
per cent MoS,, or wulfenite concentrates with less than 25 per cent 
'MoO,, but at present (March, 1916) it is reported that molybdenite 
-and wulfenite concentrates containing as low as 20 per cent MoS, 
and 18 per cent MoO,, respectively, can be marketed. 
: 
| PRICES OF MOLYBDENITE AND OF WULFENITE CONCENTRATES. 
Under the existing abnormal conditions of the market for all 
steel-hardening metals it is impossible to quote exact prices for 
either molybdenite or wulfenite concentrates. The sale of even 
l-ton or 2-ton lots is the subject of separate negotiations, and the 
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prices received vary between wide limits. Based on a content of — 


90 per cent MoS,, small lots of molybdenite have, during the last 
two years, brought in this country $2,500 to $3,500 per short ton, 
or $27.75 to $38.90 per 20-pound unit of MoS,. The price of wul- 


fenite concentrates during the same period has ranged from $200 to — 


$300 per short ton, or from $10 to $15 per unit of MoO,, based on a 


content of 20 per cent MoO,. Of course, the price paid per unit for — 


MoS, or MoO, decreases rapidly with the grade of the material, as 


is well illustrated by the following schedule of prices quoted in Feb- 


ruary, 1916, by a domestic manufacturer of molybdenum and fer- 


romolybdenum, for molybdenite concentrates. Based on a content 


of 50 per cent MoS,, the price offered was $20 per unit of Mos,, 
with a-penalty or bonus of 20 cents per unit for each per cent below 


or in excess of 50 per cent Mos,. The prices of various grades of © 


concentrates, according to abs ikea are shown in the accom- 
panying table: 


Prices offered for molybdenite concentrates in February, 1916. 


Price offered— 
Per cent 
MoS, in 
concen- 
Be Per short 
trates. Per unit. faa 
30 $16 $480 
40 18 720 
50 20 1, 000 
60 22 1,320 
70 24 1, 680 
80 26 2, 080 
90 28 2, 520 


As already stated in the discussion of the market for molybdenum, 


concentrates of both molybdenite and wulfenite must be practically ~ 


free from deleterious elements, such as copper, tungsten, antimony, 


arsenic, and bismuth, to command the best prices, and a copper con- — 
tent of more than 2 or 3 per cent generally precludes their sale or else — 
exacts heavy penalties. The following table, which was compiled — 


mainly from quotations furnished through the courtesy of L. Lamy, 


of Paris, France, shows the fluctuations in the price of high-grade 
molybdenum concentrates (90 to 95 per cent MoS,) in European — 
markets smce 1907. The table shows that the price has more than — 


trebled in the past three years: 


Prices of high-grade molybdenite concentrates (90 to 95 per cent MoS.) in Euro pean mar-— | 


kets, 1908 to 1915. F 
: < Prices per : F ru per 
Year. Prices bereree of 20 unit of 22.4 Year Prices Sek oe pi) unit 0f 22.4 — 
age eee pounds. er gar pounds. 
Shillings. ie 
Ee Dee es ees oceideye $6. 50 to $7. 60 SOMO7G9), || OL OL Devoe emirates eis $7.15 to $11. 95 33 to 55 
1900 Seer eet ays 5.65 to 7.15 26:00.00 ||| OLSE oe seen iaoera 10.90 to 18.50 50 to 85 
LOLO Rive. see 6.30 to 6.75 29: CO sd LH el OL Ame eet mene ete 19.50 to 31.50 90 to 145 — 
LOT Mos et ee nce 6.95 to 9.10 O2 UO RE2a || LOLS oe orc a eee 23.90 to 36.90 110 to 170 
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In conclusion, it may be said that prices at present are wholly 
abnormal, and companies engaged in the mining or concentration 
of either molybdenite or wulfenite should be prepared for the sharp 
decline that is almost certain to follow the cessation of hostilities in 
Europe. Just what the normal price will be is hard to predict, as - 
there are too many uncertain factors to be considered. As already 
stated, it is the opinion of the author that the demand for molyb- 
denum will continue to increase, particularly if the price of the metal 
declines so that it closely approaches the normal price of tungsten. 
Any large production of molybdenum, such as might be derived 
from the several extensive deposits of low-grade molybdenite ore 
that are now being developed in this country, would, in all probability, 
not only cause such a decline in price, but might possibly enable 
molybdemun to be sold even below the normal price of tungsten. AI- 
though it isnot safe to make any prediction as to the minimum price at 
which molybdenum may be marketed in the future, it may be assumed . 
that if the chief use of the metal continues to be in the manufacture 
of special steels, maximum prices will never greatly exceed twice the 
corresponding price of tungsten, as the effective ratio of the two metals 
in steel is slightly above 1:2, and in many instances steel manu- 
facturers could substitute one for the other within certain limits 
without materially affecting their product. 

The present abnormal prices for molybdenite and wulfenite con- 
centrates are, of course, reflected in the quotations on metallic 
molybdenum and ferromolybdenum. Prices in this country (March, 
1916) are nominal at $4 to $5 per pound of metallic molybdenum, 
whereas in England they are-slightly lower, averaging about 15s. 6d. 
or $3.75 per pound. It is of interest to note that inasmuch as sup- 
plies of molybdenum and tungsten are of vital importance in the 
manufacture of munitions, Great Britain, acting through the govern- 
ments.of her various colonial possessions where ores of these metals 
are produced, has established a maximum price at which these ores 
may be sold. As regards molybdenum ore this price is 105s. per unit - 
of MoS,, and for tungsten ore it is 55s. per unit of WO,. Taken in 
connection with the placing of these metals and their ores and alloys 
on the list of absolute contraband, this fixing of prices by the British 
Government has resulted in an extraordinary difference in the rela- 
tive prices of the two metals in the United States and Great Britain. 
Quotations’on ferrotungsten (75 to 85 per cent tungsten) are (March, 
1916) about $8.50 per pound of contained tungsten in this country 
as compared with 6s. 6d. to 7s. ($1.58 to $1.70) in Great Britain. 
- In other words, molybdenum is being sold in the United States at 
less than half the price of tungsten, whereas in Great Britain the 
reverse is the case. However, this great difference in price is not 
to be wholly accounted for by the conditions mentioned above, 
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but it is partly due to the fact that the use of molybdenum is much 
more popular abroad than in this country. For example, some 
well-known European metallurgists are understood to prefer to 
purchase molybdenite ore at 120s. per unit of MoS, rather than 
tungsten ore at 55s. per unit of WO,. In this country, on the other 
hand, the demand for tungsten is far in excess of that for the com- 
paratively little-known molybdenum. 


QUALITATIVE TESTS FOR MOLYBDENUM. 


One of the best and most easily applied qualitative tests for molyb- 
denum is made by treating the finely powdered ore with about 5 ¢. c. 
of concentrated nitric acid, evaporating to dryness, treating the 
residue with 3 c. c. of concentrated sulphuric acid and again evaporat- 
ing to dryness. If molybdenum is present a beautiful ultramarine 


blue color develops in the residue on standing. This characteristic — 


color generally appears in two hours or less, but sometimes 12 hours 
may be required, depending on the temperature and the humidity. 

Another test that is highly recommended is to fuse the finely 
powdered ore with a mixture of sodium and potassium carbonates 
(1 to 1) and a small amount of potassium nitrate. The fusion is 
powdered and extracted with hot water and filtered, the. filtrate 
acidified with hydrochloric acid, the carbon dioxide expelled by boil- 
ing, and potassium or ammonium thiocyanate, together with a small 
piece of metallic zinc, added. If molybdenum is present a bright 
cherry-red color rapidly develops which disappears on standing in 
the presence of the zinc. If hydrogen peroxide is added to the solu- 
tion immediately after the cherry-red color has developed, the color 


disappears, returning as soon as the peroxide has been reduced. If q 
only small proportions of molybdenum are present, it 1s suggested — 


that immediately after the thiocyanate and zinc have been added to 


the acidified filtrate from the leached carbonate fusion, the solution — 
be shaken with a small volume of ether. Any color in the liquid ~ 
will be extracted by the ether and intensified as a golden brown in ~ 
the ether ring that forms at the top of the liquid on standing, thus — 


perhaps making visible color that before was imperceptible. 


Should there be an imperfect fusion and any extraction of iron in © 
the leach from the fused carbonates, a cherry-red color will immedi- — 
ately develop on the addition of the potassium or ammonium thio- — 
cyanate to the solution. With the addition of zinc, however, the — 
color due to iron disappears, and unless a large quantity of iron has ~ 
been brought into solution the color will completely disappear prior — 
to the development of any color due to molybdenum. If this color © 
reaction of iron and its disappearance on the addition of zinc is’borne - 


in mind, the above test for molybdenum is infallible. 


Blowpipe and simple chemical tests for the various molybdenum — 


minerals are given on pages 8 to 15, 
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QUANTITATIVE DETERMINATION OF MOLYBDENUM. 


- Previous to the quantitative determinations of the molybdenum 
in the ores and products obtained therefrom in the concentration 
tests described in this report, a brief study of published methods for 
determining the element was conducted by J. C. Morgan, junior 
chemist, in the Denver office of the Bureau of Mines, to whom the 
author is indebted for data in the following discussion. 

It was found that most of the published methods were open to 
objections as hereinafter outlined. Further, several precipitation 


methods that would, without doubt, give correct results on practi- 


cally pure salts of molybdenum were absolutely inaccurate when 
applied to certain ores and particularly to low-grade ores. In view 


of the difficulties encountered, a brief preliminary discussion of the 


more common methods for the quantitative determination of molyb- 
denum may be of interest here. 


SOLUTION. 


The general methods of getting the molybdenum in an ore into’ 
solution are as follows: (1) By fusion with a mixture of sodium and 
potassium carbonates and subsequent leaching of the molybdate 
formed with hot water; (2) by fusion with a mixture of sodium 


- carbonate and sulphur (1 to 1) and the leaching of the sulpho-molyb- 


date formed with hot water; (3) by fusion with sodium peroxide or 
sodium hydroxide followed by leaching the molybdate formed with 
hot water;? (4) by solution obtained through evaporation, first with 
fuming nitric acid, and then with concentrated sulphuric acid.? 

The fusion methods all have one common disadvantage for ores 
containing silica in excess of 10 per cent or thereabouts, in that the 


greater part of the silica is brought into solution and must be removed 


previous to the precipitation of the molybdenum. Otherwise the 
molybdenum precipitate is contaminated with silica. The removal 
of the greater part of the silica necessitates a tedious evaporation, 
with subsequent filtration and washing of the precipitate. Further, 
if the alkaline solution is evaporated as in Low’s method,* the pre- 
cipitated silica is gelatinous and difficult to wash free from molyb- 
denum salts. If the solution is acidified with hydrochloric acid, as 
is usual in the precipitation of silica, molybdic trioxide is precipitated 
on evaporation. One advantage of the fusion methods is that lead, 
copper, bismuth, iron, and aluminum are left in the residue from the 


leach, thus precluding the necessity of their removal later. 


a Darroch, James, and Meiklejohn, C. A., A rapid method of determining molybdenum: Eng. and Min. 
Jour., vol. 82, 1906, p. 818. 

b Colett, E., and Eckhardt, M., Bemerkungen zur Bestimmung des Molybdans im Molybdianglanz: 
Chem. Ztg., Jahrg. 33, 1909, p. 968. 

¢ Low, A. H., Technical methods of ore analysis, 1913, p. 185. 
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The method of solution by digesting with fuming nitric acid followed 
by evaporation to dryness, fuming with a small quantity of concen- 
trated sulphuric acid, and diluting, brings all of the molybdenum into 
solution, if the final residue is washed with dilute ammonia, Any 
silica or lead present is left in the residue. In contrast to results 
with fusion methods, copper, bismuth, iron, and aluminum are 
brought into solution. The removal of these elements, however, 
seems to offer less difficulty than the removal of silica in the fusion 


methods. 
PRECIPITATION. 


Many methods have been advanced for the precipitation of molyb- 
denum from solution. The chief of these are as follows: (1) Precipi- 
tation as molybdenum trisulphide, (2) precipitation as mercurous 
molybdate, (3) precipitation as lead molybdate, and (4) precipi- 
tation as barium molybdate. 

The complete precipitation of molybdenum as molybdenum trisul- 
phide may be accomplished in several ways, as follows: (1) By 
saturating a cold solution, slightly acid with hydrochloric or sulphuric 
acid, with hydrogen sulphide and heating in a pressure flask;% (2) 
by saturating an alkaline solution with hydrogen sulphide, acidifying 
with either hydrochloric or sulphuric acids, and heating in a pressure 
flask;® (3) by saturating an ammonical solution with hydrogen 
sulphide, acidifying with hydrochloric acid, coagulating, filtering, 
evaporating the filtrate to dryness, expelling the greater part of the 
ammonium saltS, extracting the residue with water containing a 
small amount of ammonia, adding ammonium sulphide, and acidify- 
ing with hydrochloric acid, thus removing the last traces of molyb- 
denum;¢ (4) by adding thioacetic acid and heating the precipitated 
molybdenum sulphide in a pressure flask. 

The precipitation of mercurous, lead, or barium molybdate is 
accomplished by adding a solution of a salt of these metals to the 
molybdate solution. With sulphide ores the precipitation of either 
lead or barium molybdate is impracticable, as no matter what method 


of solution is used there is invariably enough sulphate present to cause — 


a considerable error through the precipitation of lead or barium 


a _—~- 


sulphate. The prevention of the precipitation of lead sulphate by the ~ 


use of either sodium or ammonium acetate in hot solution when 
precipitating lead molybdate is not advisable, owing to the large 
quantity of acetate required. 


The precipitation of mercurous molybdate is usually accomplished _ 


by adding a slightly acid mercurous nitrate solution to the solution. 


obtained from the carbonate fusion, to which nitric acid has been 


a Treadwell, F. P., Analytical chemistry, vol. 2, 1912, pp. 285-286, 
b Treadwell, F. P., loc. cit. 
¢ Colett, E., and Eckhardt, M., loc. cit. 
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added until the solution is only slightly alkaline. Considerable 
trouble is experienced in obtaining the right degree of alkalinity. Care 
must be taken not to obtain an acid solution, as molybdic trioxide may 
precipitate. 


CONVERSION OF PRECIPITATE TO WEIGHABLE FORM. 


Molybdenum may be weighed as MoO,, MoS,, PbMoO,, or BaMoQ,. 
When precipitated as MoS, there are two courses open—either 
ignition to MoO, or to Mos, in a stream of hydrogen, according to the 
Rose method. The fact that MoO, is readily volatile at temperatures 
higher than 400° to 450° C. necessitates great care in igniting. The 
complete conversion of the MoS, to MoO, requires long ignition at a 
temperature that should not greatly exceed 350° C. The regulation 
of this temperature by the ordinary Bunsen flame is extremely 
difficult and requires much practice. In reducing to MoS, many 
ignitions are sometimes required to obtain a constant weight. 

The conversion of mercurous molybdate to molybdic trioxide by 
volatilizing the mercury requires extreme care and much time, and it 
is almost impossible to expel all the mercury without volatilizing 
some of the molybdic oxide. Lead and barium molybdate precipi- 


tates are weighed as such after the precipitates have been dried. 


VOLUMETRIC DETERMINATION OF PRECIPITATED MOLYBDENUM 
TRISULPHIDE. 


Several volumetric methods have been offered for the determination 
of molybdenum, but all require that the molybdenum first be freed 
from the other metals. These methods are, therefore, only of value 
when applied to ore analysis to determine the molybdenum from a 
re-solution of the final sulphide precipitate. A valuable volumetric 


-method for such a determination is that of Randall.2 In this method 


a solution of the sulphide, acidified with sulphuric acid, is passed 
through a zinc reductor into a ferric iron solution, and the ferrous 
iron formed is titrated with permanganate. The advantage that 


volumetric methods have over gravimetric methods is that they 
eliminate tedious and difficult ignitions. 


In general, practically all molybdenum ores carry silica, together 
with such metals as iron, aluminum, copper, and lead, so that the 


“most desirable method of analysis would be onein which these elements 


could be eliminated most expeditiously and completely and give a 
final molybdenum precipitate readily convertible to a weighable 
form. A well-tested method that does this most efficiently is that of 


~Colett and Eckhardt.¢ 


a Low, A. H.., loc. cit. 

b Randall, D. L., The behavior of molybdic acid in the zinc reductor: Am. Jour. Sci., ser. 4, vol. 24, 1907, 
p. 313. 

¢ Colett, E., and Eckhardt, M., loc. cit. 
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METHOD ADOPTED BY THE BUREAU OF MINES. 
i 


Inasmuch as the ores treated carried only traces of arsenic or 
antimony and no tungsten, no account was taken of these metals — 
in the procedure employed. Special precautions are necessary when ~ 
these metals are present in appreciable quantity. The procedure for — 
the separation of molybdenum from these metals may be found in ~ 
any of the more complete texts on molybdenum analyses. ; 

Directions covering the method adopted by the Bureau of Mines — 
follow: 

Digest the sample of ore—from 0.2 gram to 5 grams, depending 
upon its seeming richness—with 25 to 35 c.c. of fuming nitric acid in © 
an Erlenmeyer flask for three hours and finally evaporate to dryness. — 
Add 3 c. c. of concentrated sulphuric acid to the residue and heat 
until dense white fumes are given off in quantity. Cool, dilute to 
100 c. c., and filter. Wash the residue with water, allowing the wash 
water to run into the filtrate. Wash the residue well with dilute 
ammonia (1 to 3), and then with water. Make the filtrate alkaline 
with ammonia to precipitate the aluminum and any iron present in the 
original mineral. Heat, filter, and wash well with hot water. Satu- 
rate this alkaline filtrate with hydrogen sulphide to a bright cherry- 
red color. Filter and wash with hot water. Acidify the filtrate with 
hydrochloric acid until slightly acid and digest until the precipitated 
sulphide and sulphur are well coagulated and the excess hydrogen ~ 
sulphide expelled. Filter on a weighed Gooch crucible. Evaporate — f 
the filtrate to dryness in a casserole and drive off the ammonium salts : 
at the lowest possible temperature, being careful not to heat the — 
casserole to redness at any time. Take up the final residue with about ; 
100 c. c. of water to which 5 c. c. of ammonia has been added. Add ~ 
10 c. c. of ammonium sulphide, make faintly acid with hydrochloric _ : 
acid, and digest until the sulphide is coagulated. Filter this on the — 
Goal crucible used for the previous sulphide filtration. Add an 
amount of sulphur to the combined sulphides equal to about one-half 
their weight. and ignite over a Bunsen burner at a dull-red heat in a— 
stream of arsenic-free hydrogen for 10 minutes. The ignition may be 
accomplished by using a Rose crucible cover and tube over the Gooch ~ 
crucible. Weigh and repeat the ignition as before, until check 
weights are obtained. The weight obtained is the weight of molyb- ; 
denum disulphide. | 
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PART II. DESCRIPTION OF DEPOSITS. 
GENERAL DISTRIBUTION OF DEPOSITS. 


A brief field investigation confined to the examination of the better 
known occurrences of molybdenum in six of the Western and Pacific 
Coast States, namely, Arizona, California, Colorado, Montana, New 
Mexico, and Washington, has been sufficient to show that, contrary 
to general belief, there are in this country large low-grade deposits of 
both molybdenite and wulfenite ores from which considerable ton- 
nages of marketable concentrates might be obtained. 

_ Examinations of the various deposits were made solely with the 
purpose of determining their commercial possibilities. Most of those 
yisited were in the prospect stage, and as many of those in the States 
of Colorado, Montana, and Washington were seen in the late fall when 
they were covered with snow, some of the following descriptions may 
seem to appear brief and incomplete. It is hoped, however, that 
the descriptions and the tabulated information regarding the known 
occurrences of molybdenum ores in the various States will be of value 
to those who are interested in deposits of this metal. 
: 


ARIZONA. 


Arizona has many deposits of molybdenite and of wulfenite, and 
with the exception of Nevada it is the only State in which any note- 
“worthy deposits of the latter mineral have been reported. Wulfe- 
nite ores from Arizona have supplied the larger part of the molyb- 
denum produced in this country to 1915, and on account of the ease 
with which they are concentrated they should prove a strong com- 
petitor of molybdenite for markets that do not require concentrates 
with a high molybdenum content. 

The deposits of wulfenite ore are largely confined to the four 
southern counties, Cochise, Pima, Pinal, and Yuma, with a few in 
Gila, Maricopa, and Yavapai Counties. Molybdenite has been 
reported from only six counties—Greenlee, Gila, Mohave, Pima, Pinal, 
and Santa Cruz. In most of the Arizona deposits the molybdenite 
is associated with chalcopyrite and other copper minerals, and inas- 
much as the copper in the concentrates must be separated by further 
treatment the deposits are not as desirable as those free from copper. 
However, notwithstanding the unfortunate association of copper, 
some of these deposits will doubtless prove of commercial impor- 
tance. . 

40167°—Bull. 111—16-—4 45 
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WULFENITE AT THE MAMMOTH AND COLLINS MINES, PINAL 
COUNTY. 


The Mammoth and the Collins are adjoming mines situated at 
Schultz, in the Old Hat mining district, Pinal County, about 3 miles 
west of Mammoth and 48 miles north-northeast from Tucson, the 
railroad point from which supplies are brought over a good wagon 
road via Oracle. The mines are in section 26, T. 8 S8., R. 16 E., in 
hilly, desert country, on the easterly slope of the drainage basin of 
the San Pedro River. Their location with reference to Mammoth 
and the main topographic features of the vicinity are shown in 
Plate VI. A view of the buildings and dump of the Mammoth mine © 
is given in Plate VII, A. No wood for fuel or for mine timbers is 
available near by. Fuel oil and distillate for power and wood for 
timbering are hauled from Tucson. The elevation at_the collar of 
the Mammoth shaft is 3,213 feet, and the collar of Collins shaft about 
750 feet to the southwest is 65 feet higher. 

The mines are situated on two roughly parallel veins that are about — 
600 to 700 feet apart. The veins strike in a general northwest to 
southeast direction and dip to the southwest. The dip of the Mam- 
moth vein varies from 45° to 72°. Its average dip between the 300- 
foot and the 750-foot levels is 69° 31’, but at the 750-foot level it is 
only about 45°. From the surface to the 300-foot level the average — 
dip of the Collins vein is about 72°, but grows flatter below. The 
veins vary greatly in width, both along the strike and the dip. The 
Mammoth vein is 1 or 2 inches to 60 feet wide, the part that has been — 
explored south of the main shaft and that roughly constitutes ‘‘the 
south ore shoot” averaging 13 to 15 feet wide for a horizontal distance 
of about 750 feet. Work on the Collins vein indicates that it has an 
average width of 12 to 13 feet. ; 

The filling of the Mammoth vein seems to be a mixture of brecciated ~ 
rhyolite and granite, the whole so highly altered and silicified that ~ 
its exact classification is impossible. The ore contains wulfenite, — 
vanadinite, descloizite, cerussite, anglesite, chrysocolla, azurite, mal-_ 
achite and small quantities of gold and silver. A few pockets of - 
galena carrying a little silver are found in some of the stopes. The 
filling of the vein in the Collins mine is similar to that of the Mam- 
moth vein except that it consists almost entirely of altered rhyolite(?). — 
The accompanying minerals in the two veins seem to be identical. — 
The geologic history of the veins 1s complex and has not been thor-— 
oughly studied. Speaking in a general way, however, one may say 
that they were formed by intrusions of rhyolite(?) along faults in 
the granitic country rock, the whole being subsequently shattered — 
by faulting and mineralized. The character of the rock of the walls — 
is very irregular; in some places the hanging wall is rhyolite and the 
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MAP OF THE VICINITY OF MAMMOTH, ARIZONA, 
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Contour interval 100 feet. 


5 Miles 


4 
SS 





fe 





nin 





Oo 1 
SS 


1 r 
125000 


Scale 


7 


a aN) : Kees : 
| oa nat: Bric 
AD GOR UES Bae 















= ' : aS ri w . £ ik ee ie 
: a >, ae At ode 2 ae eee ‘fe 
. neg i, ‘ a Lan : , 5 ASRS Gitte eet eh oe re. 
, ; J , ? te J « A mm ¥ 
: * "? a A ve rei o> Se ee WAP % 
= - i 
tor : yg > Fy: 
“_ Ld b ~ 
mors . gz 7 * 
“+ ¥ - 
1 ee 
63 b. a ok : ‘ 
' “a 
a —_—> 


LE 





a é 
2 4 
. 2 * 
; dy yr, - ) 4 
o™ ma: » 
| <a ye a “> “ 
a ay ' i a } 
= i e . cys 
= . 
4 > 3 
5” er a<Fe ) 4 
} } & its cea 
. ‘ ; 
| ; P2oo. wets aT 
; y er: 
a y - c 
hy . oF a ar crs 
? 7 bl ‘ 





‘ 54 sta : oy ane: in ‘Lab ala 
ea e ue . F | 
' << 
x * i>. : 
: . aa 
a | : 
; 4 : tn : 
\ s ' bs * 2 se ' 5  Gtla oe 4 
ie ae Paw HNShO | 
mh iy ; ‘ & 
§ ik . - a nS ; ‘ 
? ’ ‘ = y - dmwy wry elton tt f mye me ome D 
bl + f 8 4 -e =. =43 5 4-5 < 
PoNy eS he Sea ege 
et A er ear oi, alee od , 
: ‘ ‘ 4 bi . a Y Sy) att Eee oe “~_ * 
a ica Se Ad 2 (A SUES SEAL DS a 
, i ' } ”” Ne Ai » 7 : wer Z 
-3 i nt eee + et ae 1 
te ee iba . for Kid ‘ re a6 “eRe o A 6 
; ; —— . (AR ah ee ae": Ye Ws J mS es 
: wien, =| aK > al ~~ ov 
‘ rt ie Mes a eae eae oe ee ee ary — tre 
7} , 77) Pes J ¥ ra YeyRteLs 
eee SES Pe nd : c 9 ip cata ah he 7 ay S : 
; “4 anathema pects ene Le ee ee 


BUREAU OF MINES BULLETIN 111 PLATE Vil 





A, BUILDINGS AND DUMPS OF MAMMOTH AND COLLINS MINES, SCHULTZ, ARIZ. 





B. CRYSTALLIZED WULFENITE (BLACK) IN LEAD CARBONATE (WHITE) FROM MAMMOTH 
MINE, SCHULTZ, ARIZ. (NATURAL SIZE). 


“ ke 
’ 
i 
f 
‘ 
; 
' 
? 
2 
Th 





a 


DESCRIPTION OF DEPOSITS. 47 


foot wall granite, and vice versa. Seemingly the zone of. minerali- 
zation repeatedly crossed and récrossed the shattered rhyolite. The 
primary deposition of the economic minerals was probably as sul- 
phides, and the existing minerals may be considered as almost wholly 
of secondary origin. 

Wulfenite is of common occurrence throughout the veins and 
much of it is beautifully crystallized. .The Mammoth mine alone has 
probably furnished more fine cabinet spicimens of the crystallized 
mineral than any other locality. Most of the crystals are hght 
orange, but they range through various shades of orange, brown, 
and green, to almost black. Plate III, B,shows a remarkably fine 
group of crystals from this mine. In many places there are 1-inch 
and 2-inch streaks of nearly pure wulfenite near the center of 


the ore bodies, and many cracks and fractures throughout the vein 


material are filled with the mineral. On the 750-foot level of the 
Mammoth mine the writer noted a shoot of wulfenite and cerussite 
ore, exposed for 100 feet or more, that averaged 10 to 12 inches wide, 
and probably contained 20 to 30 per cent of wulfenite. Plate VII, B, 
shows a characteristic occurrence of a veinlet of crystallized wulfenite 
in cerussite. In many cases the wulfenite is intimately associated 
with vanadinite, whereas in others the two minerals occur separately. 

Veinlets and minute stringers of wulfenite are visible throughout 
the stopes and in the roofs and. floors of most of the drifts. The 
writer estimates that as a whole‘the!ore bodies contain perhaps 1 to 


2 per cent of the mineral:« ;The" iminés have, however, never been 


worked for wulfenite, but have been Hevelonad chiefly for gold, of 
which their ores are said to carry $6 to $7 per ton. Years ago, 


225,000 to 250,000 tons of ore were taken from the Mammoth mine 
and treated by stamp milling and amalgamation at Mammoth, 3 


miles away. Later the old tailing piles were treated for gold by the 
cyanide process, and still later parts of them were sluiced to extract 
the wulfenite. At present these tailings are being re-treated for the 
third time for their wulfenite content, as described on pages 113 to 115, 

Several years ago control of both the Collins and the Mammoth 


“mines, whicn had been idle for many years, was obtained by the 
Messrs. Young, who installed new machinery and other equipment and 


did considerable development work with a view of active mining. 
Development on the Mammoth mine consists of a main shaft 833 


feet deep and about a mile of drifts on eight different levels. The 
workings on the north side of the shaft have caved badly to within 


125 feet of the shaft and are mostly inaccessible. On the 750-foot 


level it is, however, possible to go 350 feet north of the shaft, but 


only with great danger. The vein at this level on the north side 


varies from 6 to 60 feet wide. On the south side of the shaft the 
principal work has been done on the first, third, fourth, fifth, sixth, 
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and seventh levels, and aggregates perhaps 4,000 feet of drifts. 
Much. ore has been stoped, but the ground has not caved to any ex- 
tent. The water level in the Mammoth mine is about 760 feet below 
the collar of the shaft. 

_ The Collins mine is opened by a tunnel 550 feet long and by a shaft 
down 700 feet. The principal drifts are as follows: One 325 feet long 
on the 100-foot level, and one 300 feet long on the 200-foot level. In 
all, the Collins mine has perhaps 2,000 feet of tunnel and drifts. 

The Mammoth mine is equipped with a shaft house, engine and 
compressor house, boiler house, machine and blacksmith shops, oil 
storage tanks, etc. Power is generated by two Fairbanks-Morse 
engines which use ‘‘tops” or a No. 2 distillate costing (June, 1915) 
about 5 cents per gallon in Tucson. One of these engines, rated at 
100 horsepower, is belted to a Sullivan angle-compound compressor 
capable of delivering 528 cubic feet of air per minute at 100 pounds 
pressure. The other engine, rated at 150 horsepower, is direct 
connected to a 440-volt generator which supplies power for the mine 
pump, electric lights, and various small motors used in the machine 
shop, etc. The hoisting equipment consists of a 12-inch by 14-inch 
double-drum hoist, which can be operated either by steam or com-— 
pressed air. The mine pump is situated on the 750-foot level. It 
is a Prescott direct-connected motor-driven pump with a lifting Ca 
pacity of 400 gallons per minute against a head of 900 feet. 

Both the Mammoth and the Collins mines could, without doubt, 
produce a large tonnage of low-grade wulfenite ore containing per- 
haps 2 to 3 per cent of the mineral, and with careful selective mining 
could produce considerable high-grade ore. It is the writer’s opinion, 
however, that a high-grade wulfenite concentrate could not be pro-— 
duced by treating the ore as a whole by ordinary wet methods on 
account of its containing considerable cerussite. In fact, a concen- 
trate obtained in this way from ore of ordinary grade fom the Mam- 
moth mine showed on analysis only 14.45 per cent molybdic trioxide 
(corresponding to 39.4 per cent of wulfenite), but 54.54 per cent 
lead. The vanadinite and copper minerals present in the ore would 
also tend to detract from the value of the product. However, con- 
centrates of the grade indicated above are salable, and ways might 
be devised for separating the bulk of the cerussite. It is reported 
that the wulfenite from these mines contains a small amount of gold. 


WULFENITE AT THE OLD YUMA MINE, PIMA COUNTY. 


The Old Yuma mine is situated about 14 miles northwest of Tucson, | 
and 5 miles southeast of the Southern Pacific Railroad in the foothills 
of the Tucson mountains. To reach it one follows an excellent county 
road for a distance of 11 miles and then takes a poor road for about 
3 miles, The mine is in desert country, and neither water nor timber 


ingens! cys: 
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is available in the immediate neighborhood. At the mine an inclined 
‘shaft had been sunk to a depth of about 300 feet (November, 1913) 
on the vein, which dips about 45° southeast. Other development 
work consisted of about 300 to 400 feet of drifts, a few feet of raises, 
and a second shaft which had been abandoned but which was said 
to be about 100 feet deep. 

The hanging wall of the vein is in many places fairly well defined, 
but inasmuch as the foot wall is indistinct and the crosscuts were few, 

_the writer’s estimate of 8 to 10 feet as the average width of the deposit 
is only approximate. The maximum width observed was about 20 

feet in a crosscut on the 65-foot level. The vein material consists of 
what is seemingly an acid eruptive rock, badly shattered and which 
has been so highly altered that it is difficult to classify. It carries 
wulfenite, vanadinite, and cerussite, and in many Dee is heavily 
stained ah iron Roden. 

The wulfenite occurs in seams and cracks throughout the ore in thick, 
‘tabular crystals; which are commonly one-eighth of aninch and some- 
times even an inch in maximum diameter; also as minute specks and 
irregular masses in the cavities of the rather porous vein material. 

The wulfenite crystals generally have a bright orange-yellow color, 

_but some are greenish-black to black. Others are bicolored, having 
black centers and orange-yellow edges, and in some crystals one entire 
side may be black and the other side orange. The black coloration 

_ of these crystals is of economic interest, as it is seemingly due to the 

presence of finely divided metallic gold, which can be plainly seen in 

some crystals with the aid of a high-power microscope. The occur- 
tence of native gold in these crystals is discussed in detail on page 

115. It suffices here to say that assays made by the author of the 
_orange-colored crystals failed to show even traces of gold, but, that 

those of hand-picked lots of black crystals showed about 140 ounces of 

gold per ton. 

~ Much of the wulfenite is associated with either cerussite or well- 
crystallized vanadinite or both; again, these three minerals may 

occur entirely distinct from one another. 

_ The quantity of wulfenite present is greatly in excess of the vanadi- 
nite and cerussite, but no figures as to the average content of the ore 
in the three different minerals are available, as to the writer’s knowl- 
edge the mine has never been sampled with the view of determining 
‘such data. A 120-pound lot of ore sent to the Bureau of Mines for 
concentration tests, which was said to be a sample across a 20-foot 
face on the 65-foot level of the mine, contained 6.08 per cent molybdic 
trioxide, which corresponds to about 15.5 per cent wulfenite. This 

| ‘sample was undoubtedly much richer in molybdenum than the 
average run of ore in the mine, which the writer would estimate as 
mooebly containing not over 2 or 3 per cent wulfenite. 

\3 
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It is reported that this mine was originally opened for gold, and that 
on an average the ore contains about one-half an ounce of this metal 
per ton. Owing to the distance of the property from a water supply 
sufficient to run a mill, the mine has never been operated to any extent, 
and at the time of the writer’s visit the only ore that had been ex- 
tracted was that encountered in development. At that time the only 
equipment at the property was a small dismantled hoist. No pump- 
ing had ever been necessary, and the mine was perfectly dry through- 
out, even at the bottom of the 300-foot shaft. 

The wulfenite in the ore is readily concentrated both by wet and 
dry methods. If, as demonstrated by the concentration tests of the 
120-pound sample of ore referred to above most of the gold 1s con- 
tained in the wulfenite, these concentrates should be of high value, 
as the molybdenum, lead, and gold contained in them can be readily - 
separated and recovered. For a detailed description of the concen- 
tration tests made on ore from this mine, see pages 111 to 115. 

The writer has been advised that in 1915 this mine was bonded to 
Col. Epes Randolph and associates, of ‘Tucson, Ariz., who have 
erected a mill for concentrating the ore and commenced extensive 
development of the mine. 


4 


OTHER OCCURRENCES OF WULFENITE IN ARIZONA. 


Besides the wulfenite deposits of the Mammoth, Collins, and Old 
Yuma mines described above there are many other promising occur- 
rences, particularly throughout the southern part of the State. The 
Red Cloud, Melissa, and Hamburg mines, which are situated in the 
Silver mining district, Yuma County, about 80 miles up the Colorado 
River from Yuma, the nearest point on the railroad, are said to con- 
tain & noteworthy quantity of wulfenite in their ores, and have pro- 
duced many finely crystallized specimens of the mineral. However, 
these mines have not been operated for many years and have never 
made any commercial production of wulfenite. Specimens from the 
Red Cloud and the Hamburg mines show that the wulfenite is often 
associated with vanadinite. Wulfenite is also reported as occurring 
at Dome, in the same county, with cerussite in a fluorite gangue, like- 
wise in considerable quantities in several mines in the Castle Dome 
district, about 30 miles to the north. 

In Pima County a property consisting of three and one-half claims 
owned by Louis Ezekiels, of Tucson, and situated about 25 miles west — 
of that city, is said to show 2 or 3 per cent of wulfenite associated with 
vanadinite in a well-defined quartz vein. R.O. Boykin, of Tucson, 
and associates are the owners of a prospect 20 miles from that city 
and within one-quarter mile of a good wagon road; it is said to show 
3 feet of ore carrying 3 per cent of wulfenite associated with vanadi- 
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nite. Concentration tests are reported to have yielded a product 
containing about 25 per cent molybdic trioxide. Sufficient water 
supplies to run a small mill the year round is said to be obtainable 
from a stream nearby. 

According to Pratt % there is an occurrence of wulfenite in a mine 
opened for copper at Troy, in the eastern part of Pinal County, within 
-a few miles of the Gila County line. The wulfenite is said to occur 
in veins of quartz, which carry 14 to 3 per cent of the mineral. Pratt 
further states that, ‘“A concentrating mill has been erected for sepa- 
rating the wulfenite from its gangue, and the Troy-Manhattan Cop- 


_ per Co., which owns the property, is installing a plant for treating 


_ the wulfenite concentrates.” Inquiries by the writer failed to show 
that this property had ever become a commercial producer of wul- 
fenite. 

J. Jay Sullivan, of Phoenix, Ariz., has recently submitted to the 
Bureau of Mines a sample of high-grade wulfenite concentrates in 
which that mineral is associated with considerable vanadinite. The 
property from which these concentrates were derived is said to be 
situated 4 miles from Kelvin, in Pima County. 

The Mohawk mine, which is only a few hundred yards from the 
Mammoth mine at Schultz (Pl. VD, is said to show considerable 
quantities of wulfenite in its workings. At the time of the writer’s 
visit the property had not been operated for many years, and the 
workings could not be examined, as they were not in condition to risk 
entry. In the shaft house there were a few tons of wulfenite concen- 
trates which had been recovered from the dump by leasers. The 
writer would estimate that these concentrates contained 15 to 20 per 
cent molybdic trioxide. The wulfenite was associated with con- 
siderable magnetite. : 

J. M. Keliog, of Patagonia, Santa Cruz County, owner of the Blue 
Lead mine 6 miles north of the town, reports that there is a con- 
siderable quantity of wulfenite in its ores. The wulfenite is said to 


be associated with a large amount of pyromorphite. 





The Bureau of Mines has received well-cystallized specimens of 
wulfenite from C. R. Powers, of Gleason, Cochise County. The vein 
_in which this mineral occurs is said to consist of porphyry and to cut 
a granite formation. The ore shoot, exposed by a shaft 50 feet deep, 
is reported as being 12 feet wide. The wulfenite is associated with 
vanadinite and occurs in seams and stringers throughout the ore. 

Wulfenite is also said to be a common constituent of the ores of 
the Tombstone district, Cochise County,® and in places it occurs in 
considerable quantities. In Yavapai County it is reported to occur 


1904, p. 342. 
b Austin, W. L., Silver milling in Arizona: Trans. Am. Inst. Min. Eng., vol. 11, 1882-83, p. 105. 
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in the ores of several prospects in the Bradshaw Mountains; % also 
with pyromorphite at the Accidental mine of the Poland Mining Co., 
of Prescott. The latter property is situated in Lynx-Creek Valley 
near Prescott. The mineral is also said to occur at the Vulture mine 
in Maricopa County. 


OCCURRENCE OF MOLYBDENITE AT THE LEVIATHAN MINES, 
MOHAVE COUNTY. 


The molybdenite property of the Leviathan Mines Co. is situated 
in Copper Canyon, Mohave County, on the eastern slope of the Hual- 
pai Mountains. It is in the Cedar Valley mining district, about 3 
miles southeast of Copperville and about 25 miles east of Yucca, the 
nearest point on the Atchison, Topeka & Santa Fe Railway. The 
property is reached from Yucca by a good wagon road to Copper- 
ville, thence by trail down Copper Canyon to the claims, which at 
their low point in the canyon bottom are at an altitude of about 4,000 
feet. The country is arid and as vegetation is confined to desert 
types no timber is available. Fortunately, water for domestic use 
can be obtained from springs in the canyon and additional supplies 
for other purposes from the mine seepage. The wagon road from 
Yucca to Copperville passes over the main range of the Hualpai 
Mountains, and reaches an elevation of about a mile. The altitude 
at Yucca is 1,789 feet, and from this point to the base of the moun- 
tains on the west the road has only a slight grade, averaging perhaps” 
1 or 2'per cent, but on the Yucca side of the range proper the grade is 
about 7 per cent, and on the Copperville side there are grades as high 
as 11 per cent. Notwithstanding these steep pitches the road is 
fairly passable, and auto trucks with loads of 4 to 5 tons make the 
trip from Copperville to Yucca in about two hours. 

The Leviathan properties consist of a group of six claims located — 
on two approximately parallel veins known as the ‘‘Whale”’ and the 
‘‘Copper Wonder.”’ ‘These veins traverse a granite country rock and 
consist of white quartz carrying molybdenite and chalcopyrite as the — 
principal ore-forming minerals. The strike of both veins is approx- 
imately north-south, and they dip between 85° and 90° west. As the 
granite country rock is more easily weathered than the hard quartz 
vein material, erosion has left the veins sticking into the air and made — 
their outcrops easily traceable. In some places the outcrop of the 
Whale vein is 30 to 40 feet high and its outcrop on the south side ofthe 
canyon can be seen for miles. Plate VIII shows views of this out- — 
crop, which can be traced for more than 1,500 feet. The Whale vein 
which is the larger of the two, varies in width from 6 to 40 feet, and the’ 
Copper Wonder vein from about 2 to 20 feet. 

a Sanford, S., and Stone, R. W., Useful minerals of the United States: U.S. Geol. Survey Bull. 585, 1914, 


p. 19. 
6 Dana, E.S., A system of mineralogy, 6th ed., 1911, p. 991. 
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A. NEAR VIEW OF OUTCROP OF WHALE VEIN, COPPER CANYON, NEAR COPPERVILLE, 
ARIZ., SHOWING ITS HEIGHT. 





B. OUTCROP OF WHALE VEIN, LOOKING SOUTH. HEADFRAME OF SHAFT AND PART OF 
WASTE DUMP ARE SHOWN IN MIDDLE FOREGROUND. 
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A, SECTION THROUGH TYPICAL ORE FROM WHALE VEIN, COPPER CANYON, NEAR COPPERVILLE, 
ARIZ. (TWO-THIRDS NATURAL SIZE.) Jf, MOLYBDENITE; C, CHALCOPYRITE; Q, QUARTZ. 





B. SECTION OF TYPICAL MOLYBDENITE ORE FROM LEADER MINE, HELVETIA, ARIZ. (ONE 
AND ONE-HALF TIMES NATURAL SIZE.) 
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The molybdenite occurs in amorphous and finely crystalline form in 
thin veinlets and irregular masses throughout the quartz, and as a 
fine crystalline powder and as nuggets in vugs and cavities in the 
veins. Much of it is somewhat intimately associated with chalcopy- 
rite, and in only a few places could the writer obtain specimens that 
were free from copper. In some places, the individual masses of 
molybdenite and chalcopyrite are large and are separated by masses | 
of quartz, and in other places they may be very small and closely 
intermingled. Plate IX, A, illustrates a section through a piece of 
typical ore showing the relation of the two minerals. Where weather- 
ing has taken place both the molybdenite and the chalcopyrite have 
formed alteration products, the former changing to the yellow mo- 
lybdite, and the chalcopyrite to malachite and azurite. Secondary 
copper sulphides have also been formed and in several places on the 
Whale vein native copper occurs. In this vein there are also occasional © 
occurrences of pyrite and small patches of sphalerite, and the ore is 
reported to carry about 0.02 ounce of gold and 1.4 ounces of silver per 
ton. 

The country rock is a medium-erained gray granite consisting of 
quartz, feldspar (orthoclase, microcline, and plagioclases varying from 
albite to labradorite) biotite, muscovite, and small amounts of the 
usual accessory minerals, zircon and apatite. In the specimen ex- 
amined there was much zonal development in the feldspar and also 
much alteration to sericite and possibly kaolin. The rock is more 
- monzonitic in character than the usual granite, but it is a granite 
nevertheless. : 

Development work has practically been confined to the Whale vein. 
At the time of the writer’s visit to the property in June, 1915, it con- 
sisted of two tunnels driven along the strike of the vein only a few 
feet above the level of the canyon floor on opposite sides of the gulch, 
and of a shaft sunk on the north side of the canyon. The tunnel on 
the south side had been driven for about 210 feet, and that .on the 
north for about 30 feet. The shaft was 100 feet deep and a drift had 
been driven from the bottom in a southerly direction for 20 feet. 

The writer estimates that the average grade of ore exposed in the 
workings and in the outcrop contains between 2 and 3 per cent 
MoS,, and 14 to 2 per cent copper. This estimate is substantiated 
by the results of 22 analyses, each representing samples taken over 
widths of 2 to 17 feet at various points in the tunnel and shaft and 
on the outcrop. These analyses, which were kindly furnished the 
writer by R. C. Jacobson, general manager and engineer of the com- 
_ pany, averaged 2.73 per cent MoS,, and 1.71 per cent copper, and 
indicate that the percentages of molybdenum (metal) and copper in 
the ore are approximately equal. Several rich streaks in the ore body 
are reported as containing 5 to 8 per cent MoS, over widths of 4 to 


Stay 


54 MOLYBDENUM; ITS ORES AND THEIR CONCENTRATION, 


6 feet. The ore that is richest in molybdenite appears to contain 
relatively less copper than that of average grade. 

No particular difficulty should be encountered in concentrating 
this ore either by electrostatic or flotation methods, but the concen- 
trates obtained would consist of a mixture of molybdenite and chal- 
copyrite, probably in almost equal parts, and in that form their 
molybdenite content would be of little value. A retreatment of the 
concentrate by any one of a number of mechanical methods would 
probably separate the greater portion of the copper from the molyb- 
denite (see pp. 94 to 109), but the writer is of the opinion that none 
of these processes would completely eliminate the copper from a 
product containing such a large percentage of it. If such is the case, 
chemical methods of separation must be employed. ‘The results of 
a concentration test on this ore by the Wood flotation process are 
given on page 104. : 

At the time of the writer’s visit to the property, surface equipment 
consisted of a shaft house containing a Western Iron Works 
10-horsepower gasoline hoist, a compressor house containing an 
Alamo 20-horsepower gasoline engine (type S) belted to a Clayton 
two-drill air compressor, a blacksmith shop, and a cookhouse. 
The miners were quartered in tents. The little water seeping into 
the shaft was removed by means of a small Cameron sinking pump, 
which delivered it when required to a 3,500-gallon galvanized-iron 
storage tank. This water supply was used for cooling the engine 
jackets. 

It is estimated that the cost of mining will vary from $1 to $1.50 
per ton, according to the scale on which it is carried on. A water 
supply sufficient for milling purposes could probably be developed 
and brought to the property at reasonable cost. Moreover, on — 
account of the location of the mine in a canyon having a considerable — 
drainage area, a considerable quantity of mine water will in all 
probability have to be pumped with further deepening of the shaft 
and extension of the workings. This water might be used as a 
supplementary supply for milling. At present the cost of trans- 
portation to and from the railroad at Yucca is high, but if a road 
were built connecting the claims with the road at Copperville this 
cost would probably not exceed $7 or $8 per ton. 

The outcrop of the Whale vein is so exceptionally well defined and 
so wide and the molybdenite and the copper contents of the vein, 
as indicated by sampling of the outcrop and workings, are so regular 
and persistent that the writer considers the property a most prom- 
ising one notwithstanding the unfortunate association of copper 
with the molybdenite. 
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MOLYBDENITE AT THE SMITH & SAWYER AND THE MILLER 
CLAIMS, MOHAVE COUNTY. 


Just below the property of the Leviathan Mines Co. in Copper 
Canyon and within a distance of 2 miles there are 16 or 17 other 
well-defined veins, all containing molybdenite associated with chal- 
copyrite in white quartz, striking in approximately the same direc- 
tion and having the same general characteristics as those of the 
Whale and the Copper Wonder veins. Nine claims have been 
located on these deposits, one group of five claims belonging to 
Smith & Sawyer, of Kingman, and a group of four owned by J. F. 
Miller, of Copperville. As far as can be determined from an inspec- 
tion of their outcrops, the average width of these veins is seemingly 
1 to 10 feet and their average content in molybdenite and copper 
is approximately the same as in the Whale vein, that is, 2 to 3 per 
cent MoS, and 14 to 2 per cent copper. However, the relative pro- 
portions of molybdenite and copper in the different veins seem to 
vary considerably, but inasmuch as little development work has 

“been done on any of the deposits, this seeming variation may not 
be true of the veins as a whole but may be solely due to local differ- 
ences in the individual veins. 

The molybdenite in the outcrops of most of the veins has been 
extensively altered to molybdite, and one of the veins of the Smith 
and Sawyer group in particular has furnished many remarkably fine 
crystallized specimens of this mineral. A considerable quantity of 
bornite was noted in the ore from a vein on the Miller property. 

Inasmuch as the mining, concentration, and transportation prob- 
lems involved in working these veins are identical with those pre- 
sented by the deposits of the Leviathan Mines Co., they will not be 
dealt with here. 

Considered as a whole, this system of approximately parallel veins 
on the Leviathan, Smith & Sawyer, and Miller properties constitutes 
one of the notable molybdenite deposits of the United States. 


MOLYBDENITE PROPERTY OF ARIZONA MOLYBDENUM CO., PIMA 
COUNTY. 


The molybdenite property of the Arizona Molybdenum Co. is situated 
in the northerly end of the Baboquivari Mountains, Pima County, 
about 35 miles from the railroad at Twin Buttes, the terminal station 
of a branch line from Sahuarita on the Southern Pacific Railroad. It 
consists of 10 mining claims of approximately 20 acreseach. The ore 
as represented by a 5-pound sample sent to the writer is seemingly a 

_ pegmatite which consists almost entirely of quartz and highly altered 
feldspar, and throughout which molybdenite, chalcopyrite, and 
small quantities of galena occur. The ore is reported to contain gold 
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and silver, and a lot said to be an average sample from a width of 8 
feet at one point in the vein is stated to have assayed 2.2 ounces of 
silver, 1.8 ounces of gold, and 3.9 per cent copper. The vein is re- 
ported to be 4 to 10 feet wide and to strike southeast. It is said to 
traverse a coarse-grained granite. Development on the property con- 
sists of three shafts, 36, 40, and 60 feet deep, and of about eight 
smaller shafts each 10 to 12 feet deep. F. J. Wharton, of Tucson, is 
the president of the company. 


MOLYBDENITE AT LEADER MINE, PIMA COUNTY. 


The Leader mine, of the Helvetia Copper Co., is situated near the 
town of Helvetia, Pima County, at an altitude of about 4,700 feet, 
on the westerly slope of the Santa Rita Mountains, about 27 miles 
southeast of Tucson. The main tunnel by which the property is 
opened runs in a general northerly direction, on the contact of an 
altered limestone with an underlying granite. In operating the mine 
for copper a number of years ago, an occurrence of molybdenite was 
encountered at a depth of about 40 feet in a winze sunk from the’ 
tunnel level, about 150 feet in from the portal. At the time of the 
writer’s visit to the property, this part of the winze was inaccessible. 
The following information regarding the occurrence is taken from a 
description by Schrader and Hill,* who visited the mine in 1909. 

The winze referred to above is sunk on a quartz vein containing 
various copper minerals, and dipping at an angle of about 40°. At 
the tunnel level this vein is only a few inches in width, but there is 1 
to 3 feet of mineralized limestone on either side of it, containing 
chalcopyrite, pyrite, coarse calcite, and quartz, the whole constituting 
a low-grade copper ore. At a depth of 35 or 40 feet in the winze, 
molybdenite occurs in both the vein and the surrounding country 
rock, Hight or ten feet farther down where the dip of the vein 
flattens the chalcopyrite and pyrite practically disappear, and there 
is a great increase in the quantity of the molybdenite. At this point 
there is a body of relatively pure molybdenite ore at least 3 or 4 and 
perhaps 6 or 7 feet thick. The molybdenite occurs as lenses, irregular 
bunches, and crystal aggregates associated with both the quartz and 
the highly altered limestone. Its most common form is as small, 
flaky crystals. 

The rock in which the molybdenite occurs is described as a “ dull- 
brownish and greenish to yellowish mineralized garnetiferous silici- 
fied limestone and quartz.’ It is somewhat massive, and varies from 
fine to medium grained. It is composed largely of pale-greenish 
garnet corresponding to grossularite. Quartz is the next most . 


" a Schrader, F. C., and Hill, J. M., Some occurrences of molybdenite in the Santa Rita and Patagonia 
Mountains, Arizona: U. S. Geol. Survey Bull. 430, 1910, pp. 156-157. 
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abundant mineral, with nak ita! magnetite (or ilmenite), and epidote 


‘3 


present in small quantities as erence minerals. 

Plate [X, B, shows a section through a typical piece of molybdenite 
ore picked up by the writer from a pile of 2 or 3 tons on the dump 
at the mine. The molybdenite is seen as small flaky crystals (white) 
scattered through the groundmass of the highly altered rock. 

The ore as represented by the small dump above mentioned con- 


_~ tains perhaps 5 to 6 per cent molybdenite. Since the writer’s visit 


to the property some development work has been done on the molyb- 
denite ore and a few tons gotten out. In the annual report of the 
company for 1915 sales of molybdenite ore during the year are said 
to have netted $1,891, and it is stated that there were approximately 
100 tons of ore in sight that should net about $26 a ton. 


OTHER OCCURRENCES OF MOLYBDENITE. 


It is reported that a few tons of rich molybdenite ore was taken 
out several years ago by the Cuprite Copper Co., of Tucson, in mining 
a large pocket of copper ore on its property in the northwest end of 
the Santa Rita Mountains, in Pima County. The property is about 
84 miles south of Vail, the nearest point on the Southern Pacific Rail- 
road, and at an altitude of about 4,000 feet. No molybdenite ore in 
place could be found by the writer in a hasty examination of the mine 
workings, but several specimens containing 10: to 20 per cent of the 
mineral were picked up on the mine dump. In these the molybdenite 
was associated with chalcopyrite and copper carbonates in a gangue 


of highly altered and silicified limestone. No evidence as to the form 


of the molybdenite deposit or the possibilities of further occurrences 
of the mineral could be obtained. 

E. O. Stratton, of Tucson, and associates are the owners of a 
molybdenite property situated on Marble Creek, in the Santa Catalina 
Mountains, in Pima County, about 20 miles northwest of Tucson and 
15 miles south of Oracle. Some promising showings of molybdenite 
are said to have been encountered in prospect work. 

Other occurrences of molybdenite in Pima and Santa Cruz Counties 
are as follows: 

At the Ridley mine, owned by C. B. Ridley, of Helvetia, and situ- 
ated in the foothills about 14 miles southwest of that town. 

’ At the McCleary prospects in Madera Canyon, about 10 miles south- 
southwest of Helvetia and 35 miles south of Tucson. 

In the foothill part of Providencia Canyon, about 10 miles north- 
east of Nogales and 5 miles north of the United States-Mexican bound- 


3 ary line near the Golden Rose and at the Buena Vista mine, the latter 


a Editorial Eng. and Min, Jour., vol. 101, 1916, p. 482, 
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owned by the Banco del Oro Mining Co., of Magdalena, Sonora, 
Mexico. 

At Duquesne, about a quarter of a mile west of the Belmont mine, 
on property owned by Capt. O’Connor, of Duquesne. 

At the Benton mine and the Line Ree prospect in San Antonio 
Canyon, about 2 miles south of Duquesne and 15 miles north-north- 
east of Nogales. The Benton mine is owned by Dennis Coughlin and 
partners, a the Line Boy prospect by Capt. O’Connor, all of 
Duquesne. 

In all these localities the molybdenite occurs in granite or in quartz 
traversing the granite. None of the properties has been developed 
beyond the prospect stage, and present showings do not indicate that 
any of them are of commercial importance. The above information 
concerning these occurrences was obtained from detailed descriptions 
by Schrader and Hill.¢ 

It is stated > that one of the mines of the Santa Nina Co., of Pata- 
gonia, has a 6-inch or 7-inch vein of high-grade molybdenite ore in 
one of their copper mines. 

Molybdenite is found in the ores of the Clifton-Morenci district, 
Greenlee County, in fissure veins with pyrite, chalcopyrite, and spha- 
lerite.° It also occurs in the disseminated ores at Miami, Gila County, 
in the primary ores of the chloride district, Mohave County, in a 
granite-gneiss, and as an original mineral in the ores at the Ray and 
Kelvin mines in Pinal County.? 


CALIFORNIA. 


Although there has never been any commercial production of 
molybdenum ore in California, molybdenite is widely distributed 
throughout the State and development work on some of the known 
occurrences of the mineral will probably prove them to be of economic 
importance. 

Following is a list of deposits that have come to the author’s 
attention. ‘The list includes 41 occurrences of molybdenite in 16 
different counties. Brief notes regarding six of these occurrences 
follow. Wulfenite has been reported in a few localities, principally 
in the southern part of the State, but as far as known to the writer 
none of the deposits of this mineral is of commercial interest. 

a Schrader, F. C., and Hill, J. M., Some occurrences of molybdenite in the Santa Rita and Patagonia 
Mountains, Arizona: Contributions to economic geology: U.S. Geol. Survey Bull. 480, 1910, pp. 154-162. 

b Private communication from J. M. Kellogg, Patagonia, Ariz. 

ec Lindgren, W., The genesis of the copper deposits of Clifton-Montmorenci, Arizona: Trans. Am. Inst, 


Min. Eng., vol. 34, 1905, pp. 515, 523. 


dSanford, S., and Stone, R. W., Useful minerals of the United States: U. S. Geol. Survey Bull. 585, 
1914, p. 16, 


* 


Location. 


Calaveras County: - 
Memeo ste "TTG@.. wae cs c05<r23 = ob 


PPT INORG. ae ets ese oe 
Eldorado County: 
Fairplay 


Near Red Hill, 9 miles east of 
Sanger. 
36 miles northeast of Millwood. 


ROME ZI PE LAGS acces cone oc re Se 
Fresno County: 

Kings River Canyon, copper 
mine. 

Green Mountain, south fork of 
San Joaquin River. 

Fresno Flat 

Buchanan prospect, west of 
Granite re 3 south fork of 


south of peas, a Lake. 
White Mountains..........-..-- 
West Arm of Death Valley, 
south of Lida. 


Kern County: 


Gold region near Havilah...... 

Near Caliente 

23 miles northeast of Rands- 
burg. 


_ Los Angeles County: 


Northeast part of county 
BOS A TUPLES sees ee ee accor 


? 
Mono County: 

12 miles northwest of Bridge- 
port, on west fork.of Walker 
River. 

MGNO SAK Gio cn ea pecs sate = 


Minnie Sweetwater 
Range. 
Nevada County: 
Mariposa mine, Rosario district. 


Mayflower mine, Nevada City.. 


mine, 


Placer County: 
Golden Stag mine, Ophir region. 


On Red Mountain, 3 miles 
north of Cisco. 


Riverside County: 


44 miles northeast of Corona. . 
About 17 miles west of Hemet, 
in sec. 3, T. 5S. 2 EK. 
16 miles from Corona. Ae Se etl Te 
San Bernardino County: 
USOaS bale tent eacmiee aker SEPA 
San Diego County: 
40 miles east of San Diego 
Near Dulzura 


Dewey mine at Grapevine, near 
Warners Hot Springs. 
Shasta County: 
Tom Neal Mountain, 
from Delta. 
Pbazel Crooks was -. foe oes ce see 
Lamoine 


ind 


5 miles 


Se ee 
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Remarks. 


Associated with feldspar 


ee 


Associated with quartz, sericite, 
and pyrite. 
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Occurrences of molybdenite in California. 


Reference. 








Small crystals with calcite, chal- 
copyrite, garnet, and epidote. 
Flakes up to 4 inch in diameter 

in white quartz. 
Fair-sized flakes in white quartz. 


Marge ile kesseer: <test soe o-¢ seeeel 





Flakes in quartz 


See.p. 62. 


In quartz 


See p. 61. 


See p. 63. 

Deposit said to be 30 feet wide 
and traced for 2 miles on lime- 
schist contact. 





Associated with feldspar and 
quartz. 


Molybdenite-bearing core about 
20 feet wide in quartz vein as- 
sociated with molybdite. 

Crystelston: quartz --sceess scieea = 


Se ee ed 


Flakes up to 2 inches in diameter 
in quartz. 


Small fia kestess ae. tees oe ore ee 


Crystalline molybdenite in white 
quartz. 


See p. 62. 

Fair sized flakes in iron-stained 
quartz. 

In siliceous gangue 


Fine grains in white quartz with 
chalcopyrite. 


See p. 6 

Small ee with quartz and 
ferro-magnesium minerals. 

In eTranite ee oes awe. one te 

Associated with feldspar and 
quartz. 








Specimen in U. S. National 
Museum. 


Do. 


Specimen in Agassiz Museum. 


Specimens in collection of U.S. 
Geol. Survey. 
Specimen in California Bureau of 
Mines Museum. 
0. 


Do. 
Eng. and Min. Jour., vol. 81, 1906, 
p. 205. 


U.S. Geol. Survey Bull. 585, 1914, 
p. 33. 


Eng. and Min. Jour., vol. 96, 1913, 
p. 186. 


Mineral Resources-U. S. for 1901: 
U.S. Geol. Survey, 1902, p. 266. 

Specimen in U. S. National 
Museum. 


Mineral Resources U. S. for 1901: 
U.S. Geol. Survey, 1902, pp. 
265-266. 

Specimen in Agassiz Museum. 

Specimen in California Bureau of 
ie Museum. 

0. 


rd 


U.S. Geol. Survey Bull. 585, 1914, 
3 


Duss: 
Specimens in collection of U. S 
Geol. Survey. 


Do. 


Mineral Industry, vol. 7, 1898, 
p. 514. 


Specimens in collection of U. S. 
Geol. Survey. 


Specimens in collection of U. S. 
Geol. Survey. 

Specimen in California Bureau 
of Mines Museum. 

Specimen in U. S. National 
Museum. 

Mineral Industry, vol. 11, 1902, 
p. 477. 


Specimen in California Bureau 


of Mines Museum. 


Do. 
Ui oe ees Survey Bull. 585, 1914, 
p. 33. 
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Occurrences of molybdenite in California—Continued. 


Location. Remarks. Reference. 
Tulare County: 
THreeARiversio: sa Sede ee dl eon Goes beeen a eee bee eee Specimen in California Bureau 
of Mines Museum. 
California Hot Springs.....--.. See p. 62. 
Tuolumne County: 
West of Tower Peak........... In quartz gangue on a contact of | Turner, rr Jour. Sci., vol. 5, 


marble and a white schistose 1898, p.4 
pyroxene with epidote and 
. sphalerite. 

South of Knight Creek,north- | In granite...............--...---- Do. 

east of Columbia. 
Ventura County: 

On Alamo Mountain, north- | Vein said to be 8 to 15 feet wide..| Mineral Resources U. S., 1901, 

eastern part of county. . S. Geol. Survey, 1902, pp. 
265-266; Eng. and Min. Jour., 
vol. 72, 1901, p. 337. 





MOLYBDENITE AT PROPERTY OF SANTA MARIA MOLYBDENUM - 
MINING & MILLING CO., SAN DIEGO COUNTY. 


The property of the Santa Maria Molybdenum Mining & Milling 
Co., of San Diego, is situated about 40 miles east of that city in the 
hills to the southeast of the San Pasquale valley and is readily reached 
from San Diego by automobile, the road being excellent. It is under- 
stood to consist of 160 acres of patented ground. 

The molybdenite-bearing deposit consists of a large granite dike 
varying in width from 35 to 100 feet and striking in a general north- — 
easterly direction. The outcrop of this dike is about half a mile long 
and is particularly well defined. Plate X, A, shows a view looking — 
toward the northwestern end, where the outcrop terminates in an 
almost perpendicular cliff about 200 feet high. The canyon on which 
this cliff faces drains into San Pasquale valley which may be seen 
in the distance in Plate X, A. A good idea of the size of the deposit 
may be gained from a comparison yas the size of the persons shown 
in the illustration. 

The molybdenite occurs sparingly throughout the granite in crys- 
tal aggregates and irregularly shaped masses of radial structure, 
most of which vary in size from one-eighth to 1 inch in maximum ~ 
diameter. It is associated with a little pyrite. Both the molyb- 
denite and the pyrite have been altered, the former slightly and the 
latterextensively. In afew instances the transformation of themolyb- 
denite to molybdite has been complete, the latter mineral crystal- — 
lizing in radial groups, such as are shown in Plate V, B, which illus- 
trates a specimen of molybdite from this property. More often, 
however, the molybdenite has been only partly altered, resulting in ~ 
many interesting specimens, one of which is pictured in Plate II, B. 
The iron oxide formed by the alteration of the pyrite has stained the 
larger part of the outcropping granite a light red. In this stained 
part the molybdenite areas are almost invariably surrounded by a — 
narrow rim of unstained rock, as is rather clearly illustrated in Plate 
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A. OUTCROP OF DIKE ON SANTA MARIA PROPERTY, SAN DIEGO COUNTY, CAL., LOOKING 
NORTHWEST. 





B. OUTCROP OF LOW-GRADE MOLYBDENITE ORE AT PRIMOS MINE, NEAR EMPIRE, COLO. 
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A, MOLYBDENITE IN IRON-STAINED GRANITE FROM SANTA MARIA PROPERTY, SAN DIEGO 
COUNTY, CAL. (FOUR-FIFTHS NATURAL SIZE.) 





B. MOLYBDENITE IN GRANITE FROM JOHN FLETCHER QUARRY, NEAR CORONA, CAL. (TWO- 
THIRDS NATURAL SIZE.) 





7 
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XI, A, which shows a typical specimen of molybdenite ore from the 


_ property. 


The granite of which the dike is composed is-medium grained, and 
where not iron stained it is light gray to almost white. A micro- 
scopical examination of it shows the presence of the following min- 
erals: Quartz, orthoclase, plagioclases varying from albite to oligo- 
clase, biotite, a few minor accessory minerals, and pyrite. 

The only development work on the property at the time of the 
writer’s visit in 1914 was five or six open cuts partly crosscutting 
the dike. Some of them showed ore which might average from 0.25 
to 0.5 per cent molybdenite, but from all indications the dike as a 
whole contains a very much smaller percentage of the mineral. | Un- 


— less further development work discloses areas richer in molybdenite, 


the writer does not believe that the occurrence will prove of economic | 
importance. However, as the character of the ore is such that the 
molybdenite can be readily concentrated into a high-grade product, 
the discovery of richer ore might lead to successful operations. 

A lot of ore weighing 313 pounds, kindly shipped the Bureau of 
Mines by the owners of the property for concentration tests, and 
said to be unsorted, assayed 0.47 per cent MoS,. For the results of 


-hand-picking and concentration tests of this ore, see pages 97 to 99. 


MOLYBDENITE NEAR BISHOP, INYO COUNTY. 


Specimens of molybdenite associated with molybdite in white 
quartz have been submitted to the bureau by M. C. Hall, of Bishop. 
The deposit from which the ore came is said to be situated at an 
altitude of about 10,000 feet in the Sierra Nevada Mountains about 
20 miles from Laws, the nearest station on the Southern Pacific 
Railroad. There is a road from Laws passable by automobile to 
within a mile and a half of the property, thence a poor wagon road 
for a mile, but no road for the last half mile. It is stated, however, 
that one could readily be built to cover the remaining distance. The 


outcrop of the deposit is reported to be about 100 feet long and the 


same distance across. Practically no development work has been 


done. Ina40-pound sample said to represent average ore, the author 
would estimate the molybdenite content to be 1 to 2 per cent. With 
the exception of the occasional occurrence of small grains of chalco- 
pyrite, no minerals other than molybdenite and its alteration product, 
molybdite, were noted in the quartz. The molybdenite occurs in 
flakes varying in’size from minute specks to an eighth of an inch or 
more in Maximum diameter, and the ore is seemingly of such a nature 


as to be readily concentrated by either electrostatic or flotation 


methods. Development work may perhaps prove the deposit to be 
of economic importance. 
40167°—Bull. 111—16——5 
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MOLYBDENITE AT THE BUCHANAN PROSPECT, FRESNO COUNTY. 


Specimens of molybdenite ore have been submitted to the bureau 
by Paul Buchanan, of Kearney Park, Cal. They are said to have 
come from a deposit situated on the north side of the south fork of 
Kings River, between Granite and Copper Creeks, and about 2 miles 
west of Kanawyer’s Camp, in T. 13 S., R. 31 E. The property is 
difficult of access, being 25 miles or more from the nearest wagon road 
at Hume, which in turn is a greater distance from the nearest railroad 
station. The vein in which the molybdenite occurs is reported to 
have an average width of 1 to 3 feet and to be traceable on the surface 
for about 3,000 feet, but the outcrop carries molybdenum for only 
about 2,000 feet. The strike of the mineralized part of the vein is 
said to be almost north and south. The specimens submitted consist 
of granite cut by small quartz strmgers occasionally containing 
flakes of molybdenite up to one-fourth inch in maximum diameter. 
The molybdenite is associated with a small quantity of chalcopyrite. 
The granite consists of quartz, feldspar, and biotite, and is somewhat 
iron stained. If the average width of the vein is only 1 to 3 feet, as 
stated, and the grade of the ore is not richer than the samples sub- 
mitted, the inaccessibility of the property precludes the possibility 
of its commercial importance. 


MOLYBDENITE NEAR CORONA, RIVERSIDE COUNTY. 


An occurrence of molybdenite about 44 miles northeast of Corona 
in a granite quarry operated by John Fletcher has been noted by 


Hess.* Specimens submitted to the bureau show the mineral to 


occur in a medium-grained gray granite in flakes up to an inch in 
diameter. A piece of typical ore is illustrated in Plate XI, B. Hess, 
who visited the deposit in 1907, states that: ‘The granite is cut by 
thin pegmatite dikes one-half inch to 2 inches wide. Molybdenite 
in flakes up to one-half inch across accompanies the dikes in small 
quantity. In one or two places small flakes may be found in the 
granite for a distance of 2 or 3 inches from the dikes. The only other 
metallic mineral found in the dike is iron pyrites in which an assay 
is said to have shown some copper, gold, and silver.”” The deposit 
is said to be small and is probably not of economic importance. © 


MOLYBDENITE NEAR CALIFORNIA HOT SPRINGS, TULARE COUNTY. 


» a aa 


Oe en oe | 


Molybdenite in small flakes up to about one-fourth inch maximum [ 
diameter occurs in milky quartz in a large vein about one-half mile — 
from California Hot Springs. This town is about 22 miles west of — 


Ducor, the nearest.pomt on the Southern Pacific Railroad, from 


a Hess, F. L., Some molybdenum deposits of Maine, Utah, and California; Contributions to Economic _ 


Geology: U.S. Geol. Survey Bull. 340, 1907, p. 238. 


a 
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which it is reached by a good automobile road. The deposit is situ- 
ated in sec. 31, T. 23 S., R. 31 E., at an elevation of about 3,300 feet, 
and is owned by L. S. Wingrove, of California Hot Springs. Prac- 
tically no development work has been done on the vein, but a hasty 
examination of a considerable part of the outcrop indicated to the 
writer that the occurrence of molybdenite, even as minute specks, is 
so occasional that there seems to be no possibility of the deposit 
being of commercial importance. 


MOLYBDENITE AT CALIENTE, KERN COUNTY. 


J. B. Ferris of Caliente has submitted to the bureau specimens of 
low-grade gold ore carrying molybdenite in finely disseminated grains, 
coming from the Golden group of claims a few miles south of the town. 
The ore body is large, but as determined by samples taken by the 
_ author from several places in the tunnels and the drifts by which it 
is developed, it is so poor in molybdenite as to probably be of no 
commercial importance as a source of that mineral. 


COLORADO. 


Molybdenite is widely distributed throughout Colorado, its occur- 
-rence having been noted in almost every mountain county. The 
_ principal deposits visited by the author are at Red Mountain near 
Empire in Clear Creek County, and near Climax and Breckenridge in 
‘Summit County. A description of these deposits, together with 
notes as to some of the other occurrences listed in the accompanying 
table, are given in the following pages. 
2 Several occurrences of wulfenite in the State have been reported, 
but so far as known these are only of mineralogical interest. 


Occurrences of molbydenite in Colorado. 


Location of deposit. Remarks. ‘Reference. 


pal 


is 
J 





4 _ Chatffee County: 
; Dalida teaiee ace nee eee as LD QUIAT EN, eo se 3 ae Fae oS Specimen in Colorado State 
Museum. 
DME OLE ISO... a aoe e ses os Sep Dares oo eee eet de = 
= Near Buena Vista SE rene eee See BL a pi ker ooh Ae ale, Re ee Ae Do. 
- Clear Creek County 
Red Moaniait near IMP ILOS = IMOCOrDe OF anced es cae nets oases os 
: Conejos County: 
Ate La COLO. a stiat coe tess scads In spherical forms with concen- | Dana, E. §., A system of miner- 
tric structure. alogy, 6th ed., 1911, p. 1042. 
- Custer County: 
Tape: Creek is S22. 0 week st - In decomposed basic rock with | Specimen in U. S. National 
calcite, chlorite, and pyrite. Museum. 
12 miles north of Westcliffe..... See p. Bec aetn ME AE Oe oc ee 


Eagle County: 
4 Pea EVCCLC LULL ee eere peter Piel. see lever Stone aera =a cimee ee wa ete els 
_ Fremont County: 
Near Rito Alto Peak........... COs WOcciet die coh. rine eee cece 
marailes South ot Parkdale-..3- 5.|/ Se@ po (0s -siw ses d coe sacse es eke 
Gilpin County: 
MOLY ADOX:, sey icasescee: | = tan Wilt im Ol yOGitGsagace ernst ace os Specimen in Colorado State 
Museum, 
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Occurrences of molbydenite in. Colorado—Continued. 





Location of deposit. 


Gunnison County: 
4 miles north of Pitkin near 
Rock Creek. 
At the head of Crystal River 
near Marble. 


Negr TinCnn.. coe ou. oe eee 
Zimilesiromebit kinases ss. n eee 


8 miles southeast of Marble..... 


Huerfano County: 


2 miles southeast of Mosca Pass. 


Lake County: 
In Maid of Erin mine at Lead- 
ville; also near the head of 
Big Evans Gulch. 
Larimer County: 
4 miles sadih OLots Oloudees-e 
Ouray County: 
Engineer Mountain.........--- 


Pitkin County: 
South of Red Mountain 
In Lincoln Gulch southeast of 
Roaring Fork of the Grand 
River. 
San Juan County: 
Between Maggie and Picayune 
Gulches and Red Peak. 
iNearisilverton= 2 cece ee cee eee 


Remarks. 





Crystalline molybdenite in white 
quartz. 

In‘quariz;Velnss2-c-ee-- eee eters 

Hee D: Tl ccewe - ste say eee 


Large flakesin float..-........20. 


See Pp: 71 


With copper, nickel, and bis- 
muth minerals. 


Reference. 





ores Industry, vol. 6, 189 


p 

Letter from J. C. Hersey, Lea: 
ville, Colo. 

Specimens in collection of U. | 
Geol. Survey. 

U. S. Geol. Survey Bull. 
1914, p. 46. 
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Letter from John O’Toole, De: 
ver, Colo 


Eng. and Min. Jour., vol. 8 
1905, p. 127. 


Letter from E. C. Weather]; 
Ouray, Colo. 


Letter from J. C. Hersey, Leax 
ville, Colo. 


Trans. Am. Inst. Min. Eng., vo 
21, pp. 189-190. 


U. 8. Geol. Survey Bull. 58/ 





1914, p. 46. 
San Miguel County: 
1 mile east of Opbit tT: sees. eee 
Summit County 
On Bartlett MGumneaitl Oi aes Seep: 08..- 5, scbapk noua ee 
On Chalk Mountain............ Seep. O8sik0 pee sen ee ee 
Fremont Passo. 04 suc ee bos Sabo eae shee ae eee U8. Li Survey Bull, 582 
1914, p. 4 
NiearakKokOMOs<2ee carn ee eee 
2 miles north of Kokomo....... 
Lenawee mine, between Kings- 
ton and Montezuma. 
Southern slope of Quandary 
Mountain. 
Teller County: 
Cripple Creek. “208 osteo 2 |) sen ag Sees penises oe ee 


Specimen in courthouse, Brec. 
enridge. 


» 





MOLYBDENITE MINE OF PRIMOS CHEMICAL CO., NEAR EMPIRE 


The molybdenite mine of the Primos Chemical Co., near Empire. 
Clear Creek County, consists of a group of nine claims situated on) 
the eastern slope of Red Mountain, at an altitude of about 10,500 tc 
12,000 feet. ‘The property is gota from Empire, a station on the 
Georenreen branch of the Colorado & Southern Railroad, by a good| 
wagon road 14 miles long. The ore-bearing bodies consist of | 
veins of low-grade ore, the general strike of which, as far as deter-| 
mined by present ibseabjoiiaan work, lies between east by west and| 
northeast by southwest, across the ridge of the mountain. The 
strikes of the individual veins show a convergence in a westerly 
direction. Their dip, as indicated by the position of the outcrops) 
with reference to their intersection by a tunnel several hundred feet 
below, is 50° to 60° in a general northwestern direction. The veins 
are named from the southeast, and are known as Veins No. 1, No. 2 
and No. 3, The ore zone in general; that is, the ground included 





ee 


BUREAU OF MINES BULLETIN 111 PLATE Xil 





A, SECTION THROUGH TYPICAL MOLYBDENITE ORE FROM PRIMOS MINE, NEAR EMPIRE, 
COLO. (NATURAL SIZE.) 





B. TYPICAL MOLYBDENITE ORE FROM BARTLETT MOUNTAIN, SUMMIT COUNTY, COLO. 
(NATURAL SIZE.) MM, MOLYBDENITE; Q, QUARTZ. 
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A, VIEW OF RED MOUNTAIN, NEAR EMPIRE, COLO. 


The arrow indicates the waste dump at the mouth of the upper tunnel of Primos Mine. 





B, SECTION THROUGH TYPICAL MOLYBDENITE ORE FROM GREAT WESTERN MINE, NEAR 
CHICO, PARK COUNTY, MONT. 


~ 
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between the footwall of Vein No. 1 and the hanging wall of Vein 
No. 3, where cut by the tunnel, is about 200 feet wide. The veins 
vary greatly in width, both among themselves and along their strikes. 
Further, they are not particularly well defined, the ore running off 
‘into the walls in the form of thin veinlets and stringers. 

Vein No. 1 has not been sufficiently developed to warrant even an 
approximate statement of its average width, but at its intersection 
by the upper tunnel it is 3 to 4 feet across. Vein No. 2, as exposed 
by about 1,000 feet of development work, shows a width varying 
from 3 or 4 inches to 4 or 5 feet, and it has an average width of per- 
haps 2 feet. Vein No. 2, at its intersection by the upper tunnel, 
showed 10 feet of ore. 

The ore occurs in two forms—one consists of an alaskite (2) breccia 
in which the molybdenite occurs as occassional small flakes but more 
often in finely granular form associated with iron pyrite in the inter- 
stices of the breccia; in the other the molybdenite occurs in small 
veinlets and stringers running off into the alaskite-porphyry (?) 
country rock. The brecciated type of ore constitutes the vein 
material proper, and is well illustrated by Plate XII, A. Oxidation 
of the molybdenite along the outcrops of the veins has resulted in 
the formation of considerable molybdite, but the latter mineral 
disappears entirely with depth. It is stated that the ore contains 

no copper or other deleterious elements. 

The author first visited the property in July, 1913, when develop- 
ment work consisted of only two or three shallow open cuts along 
the outcrop of one vein. The existence of ore bodies was evidenced, 
however, by large masses of vein material exposed along the outcrops 
and by the great quantities of float found throughout the rock slides 
on the mountain slope below. One of these large masses of out- 
cropping vein material, which showed considerable molybdenite here 
and there over its entire surface, and was colored in many places by 
yellow molybdite, is pictured in Plate X, B. 

Development of the property was started in earnest in November, 
1914, when the present owners obtained control, and to August, 1915, 
_ work had been pursued at the rate of about 350 feet per month. At 
the latter date development consisted of an upper working with 
2,500 to 3,000 feet of tunnel, drifts, and crosscuts at two-thirds the 
distance to the top of the mountain and at an altitude of about 11,800 
feet; and also of a tunnel which had just been commenced about 
600 feet lower down. The situation of the upper workings is well 

shown in Plate XIII, A. 

_ The upper workings consist roughly of a main tunnel running in a 
northwesterly direction for about 500 feet, and of a drift along Vein 
No. 2 about 800 feet west. Twenty-one crosscuts up to 20 feet in 
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length have been made along this drift, usually at intervals of about 
30 feet, but occasionally at 15-foot intervals. A stope has been 
started on this vein, and in July, 1915, it had been opened for a 
horizontal distance of about 40 feet and mined to a height of about 
20 feet, the ore having an average width of about 44 feet. A second 
~ and larger stope has been begun to the north of Vein No. 2. The ore 
body at this point is thought to be either separated from the vein by 
a large “horse,” or to lie on the intersection of veins No. 2 and No. 3. | 
This stope has been mined for a horizontal distance of about 130. 
feet and to a height of 40 to 45 feet; in width it varies from 6 to 15 
feet. 

Only a few feet of work has been done on vein No. 1 as the showing © 
of ore encountered at its intersection by the tunnel was poor. Vein 
No. 3 has been drifted on for about 20 feet on either side of the 
tunnel, and 10 feet of good ore is said to have been encountered in 
these drifts. 

As already stated, work on the lower tunnel was commenced in 
August, 1915. Assuming that the dip of the veins is 55° and that 
they will be encountered on this level, over 1,000 feet of backs will 
be developed by this lower tunnel. y 

Stoping is carried on largely by hand, as the ground is fairly soft 
and easily worked. Air drills, however, are used in running the 
tunnels and drifts. 

The ore is trammed to a sorting house at the mouth of the upper — 
tunnel and dumped into a bin from which it is drawn by the sorters 
as needed. Ore from the bin is screened on small 2-mesh hand sieves. 
The undersize through the screens is saved and the oversize hand _ 
sorted. The rejected oversize is thrown into a car which carries it 
to the waste dump, and the selected ore is sacked. Filled sacks 
weigh 75 to 125 pounds each, according to the size and richness 
of the ore. These are packed down the mountain on mules and — 
stacked near the wagon road. At the time of the author’s visit, in ~ 
July, 1915, the pack train consisted of 14 animals, each of which 
carried three to four sacks of ore. At the base of the mountain the 
sacks are loaded onto wagons, weighed, and hauled to the railroad — 
station at Empire, where their contents are emptied into freight cars 
for shipment to the Eastern plant of the company. From January 1, 
1915, to August, 1915, shipments are reported to have averaged 
two to three carloads of 224 tons each per week. . 

The mine has not been in operation for sufficient time and the 
ore bodies are not well enough developed to justify any Sioa as. 
to mining cost. . 

A combined bunk and compressor house, which also contains an~ 
office, dining-room and quarters for cooking, is situated about 1,300 
feet below the mouth of the upper tunnel and close to the wagon 
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road. The compressor room in this building contains a 60-horsepower 


boiler which is fired with wood; it supplies steam for the operation 
of an Ingersoll-Rand “Imperial” air compressor, type 10.. The two 


steam cylinders on the compressor are 13 by 10 inches and 8 by 10 


- ynches, and the corresponding air cylinders are 14 by 10 inches and 
74 by 10 inches. Although it is rated as a three-drill machine it will 


operate only two drills at this altitude. 

Wood for the boiler is obtamed by cutting standing Ammben in a 
burned-over area of forest in the vicinity. It is hauled to a small 
sawmill situated a few hundred yards south of the boiler house, and 
cut into 4-foot lengths. Stables have been built close to the bunk and 
compressor house. At the upper tunnel level there is a bunk house 
and blacksmith shop and the ore-sorting house already referred to. 

The production of this property to date has been probably 1,500 to 
2,000 tons of ore, averaging approximately 2 per cent molybdenum. 
In opening the property during the winter months many difficulties 
were encountered, owing to the altitude and to winter storms. : 


SALAMANDER AND BLUE VALLEY MOLYBDENITE CLAIMS, NEAR 


BRECKENRIDGE, SUMMIT COUNTY. 


There is an interesting occurrence of molybdenite about 11 miles 
southwest of Breckenridge, Summit County. The deposit is on the 
south slope of Quandary Mountain at an altitude of about 12,000 feet 
(see Pl. XIV), and consists of two pegmatite veins which contain the 
molybdenite, and on which are two claims known as the Salamander 
and the Blue Valley. These claims are reached from Breckenridge 
by a good wagon road for 9 miles up the valleys of Blue River and 
Monte Christo Creek, thence continuing up the valley of the latter 
stream for 14 miles by a poor mountain road, and then across the » 
creek and up the mountain side for half a mile by trail. 

At the time of the author’s visit to the deposit in October, 1913, a 
violent snowstorm was in progress, and for that reason his examina- 
tion was necessarily incomplete. 

The pegmatite veins already referred to consist largely of musco- 
vite and quartz with some feldspar, and carry molybdenite and 
chalcopyrite as accessory minerals, as well as small quantities of 
molybdite developed by alteration of the molybdenite in places where 
the latter has been exposed to the air for a considerable time. The 
veins, which appear to be nearly vertical, traverse a dark-gray mica- 


- ceous schist or gneiss composed essentially of quartz, muscovite, 


Mon: aw 
wee ie 


biotite, and feldspar, and strike in a general northerly direction. 

A specimen of typical ore from the Salamander claim is illustrated 
in Plate XV,A. Asample of about 100 pounds of picked ore, which 
the author selected as representative of the general grade of concen- 
trating ore that this claim could produce, on analysis showed 4.35 | 
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per cent molybdenite and 0.45 per cent copper. The molybdenite : 





occurs in coarsely crystalline aggregates up to 14 inches in maxi- — 


mum diameter, but on account of its association with chalcopyrite 
and with such a large percentage of muscovite, it probably could not 
be recovered in a high-grade concentrate without a rather complex 
treatment. 

On the Salamander claim a tunnel has been run for a distance of 
20 feet on the vein, which at this point has a width of 3 to 4 feet. 

On the Blue Valley claim there is only a small showing of molybde- 
nite, and no development other than the putting in of several shots 
at various places along the outcrop. The vein averages only 4 to 6 
inches in width and gives no promise of any commercial production 
of ore. 

Directly down the mountain from the claims there is a small lake, 
and one-half mile farther up the gulch a larger lake at an elevation 
of 300 or 400 feet above the one first mentioned. Ample water power 
for all mining purposes could easily be developed from this upper 
lake, and there is sufficient timber in the immediate neighborhood 
for all prospective mining needs. 


MOLYBDENITE ON BARTLETT MOUNTAIN, SUMMIT COUNTY. 


There is a large low-grade deposit of molybdenite ore above tim- 
ber line at an elevation of approximately 12,000 feet on the south- 
western slope of Bartlett Mountain, Summit County. The deposit 
is about two miles southeast of Robinson, and about a mile and a 
quarter east of Climax, stations on the Colorado & Southern Rail- 
way. Its location is shown in Plate XIV. At the time of the 
writer’s visit to the property in the late fall of 1913 it was covered 
with snow and little first-hand information concerning the deposit 
could be obtained. In places where the snow had blown off large 
quantities of slide rock were exposed, which on an average appeared 
to contain 0.5 to 1 per cent molybdenite, the mineral occurring in 
the cracks and fractures of a crystalline quartz, most of which was 
associated with more or less pyrite, but was practically free from 
copper minerals. Although most of the deposit was covered with 
snow, the author had no difficulty in picking up from this particular 
slide within a few minutes 100 pounds of rock which on sampling 
and analysis yielded 1.06 per cent MoS,. A specimen of typical ore 
is shown in Plate XII, B. , 

Eight adjoining claims are reported to have been located on the 
deposit. The chief development work at the time of the writer’s 
visit consisted of two tunnels, one near the northwestern end of the 
deposit, on the claims of H. Leal, and the other near the center of 
the deposit, on the Gillaspey claim, known as “‘Denver No. 2.” The ~ 
first tunnel had been driven in an eastern direction for a distance of — 


e 
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over 500 feet, and was being pushed ahead with the idea of cross- 


‘eutting the deposit. As far as work had progressed the character 


of the rock seemed essentially the same, and the writer was told that 
samples taken at frequent intervals throughout the entire length of 
the tunnel showed an average content of 0.7 per cent MoS,. The 
second tunnel was said to be 30 to 40 feet long, but as its portal was 


- closed by a snowdrift it was not entered. 


The following notes concerning recent development on the deposit 


were kindly furnished the writer by Ira Snyder, of Denver, Colo., 
_ who has purchased. the ‘‘Denver No. 2” claim: 


The tunnel on the Leal claims has been extended to a total length of 800 feet and 


at the face a 100-foot drift runs at right angles to the line of the tunnel. No walls have 
-been encountered and there has been no perceptible change in the character or average 


richness of the ore. A lease is said to have been taken on the Leal claims by Messrs. 
McDonald, Noble, and King, of Leadville, who have built a wagon road to the prop- 


erty from Climax. These men are also reported to have mined several hundred tons 


of ore from the claims of Charles J. Senter, near the southeastern end of the deposit, 
shipping the same to Leadville for concentration by flotation in an experimental 
plant. The tunnel on the ‘‘Denver No. 2” is stated to be now about 75 feet in length, 
and the ore encountered is reported to contain an average of about 1.3 per cent MoS,. 
Experiments on a large scale are being carried on in Denver for concentrating by 
flotation the ore from this claim. The results of these tests have been satisfactory, 
and preparations are being made for the installation of a plant at the mine during the 
coming summer. 


MOLYBDENITE NEAR OPHIR, SAN MIGUEL COUNTY. 


The Molybdenite Queen claim, owned by G. C. Knox, of Denver, 
and J. Belisle, of Norwood, Colo., is situated in the Iron Spring 
mining district about 1 mile} southeast of the town of Ophir, which is 
24 miles east of Ophir Loop, a station on the main line of the Rio 
Grande Southern Railroad. It crosses Nevada Gulch about 600 feet 
above the creek at the base of the hill and adjoins the Favorite group 
of gold claims. The deposit is said to consist of a well-defined vein 
of white quartz 20 to 25 feet wide, traversing a poryphyry country 
rock. The molybdenite occurs in the vein in flaky crystal aggregates 
and irregular-shaped masses from the size of a pea to pieces three- 


quarters of an inch or more in diameter. In a 25-pound lot of ore, 
‘said to be a sample taken on the surface across the width of the vein, 


the writer would estimate the molybdenum sulphide content to be 
2to3 percent. In this sample considerable alteration of the molyb- 
denite to molybdite had taken place and a small quantity of pyrite was 
noticed. The ore appears of such character as to be readily con- 
centrated by either electrostatic or flotation methods. 

_ The vein is said to strike in a general southwestern direction, but 
its dip has as yet not been determined. Practically no development 


~ work has been done on the outcrop, but the vein is reported to be cut 


at a depthof about 600 feet by the Deadwood tunnel and to be approxi- 
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mately 20 feet wide at the place of its intersection. However, the 
owners of the property have been unable to verify this statement, as” 
entrance to the tunnel can not be had, owing to a cave-in only a few 
feet from the portal.¢ $ 


OTHER OCCURRENCES OF MOLYBDENITE IN COLORADO. 
DEPOSIT NEAR ROBINSON, SUMMIT. COUNTY. 


A considerable deposit of low-grade molybdenite ore, practically 
identical with that of Bartlett Mountain described above, is situated 
on Chalk Mountain near Robinson, Summit County. (See Pl. XIV.) 
Four claims located on the deposit are owned by E. G. Heckendorf, 
J. W. Harris, and S. H. Weber, of Denver, and J. A. Weber, of 
Leadville, ake: The ore body is reported to be 30 to 40 feet widem 
and its outcrop, which runs northeast, is said to have been traced fou | 
over 3,000 feet. In October, 1915, AER nee work consisted of 
seven open cuts, samples eat sane are reported to have assayed | 
1 to 3 per cent ai molybdenum disulphide. 


DEPOSIT NEAR NATHROP, CHAFFEE COUNTY. 


Bert Bergstrom and H. C. Hayes, of Buena Vista, Colo., are said to 
have opened a promising molybdenite property in Chaffee County, | 
a few miles south of Fisher, a station on a branch of the Colorado & 
Southern Railroad from Nahr It is understood that the molybde-— 
nite occurs in quartz in flakes up to an inch in maximum diameter and 
that the ore is practically free from copper minerals. About 1 ton 
of high-grade molybdenite is reported to have been obtained by careful — 
cobbing and hand sorting of some of the richer ore. It is said that. 
development work on the property is going ahead rapidly. . 

PROSPECT NEAR PARKDALE, FREMONT COUNTY. | 

Ralph Fairchild, of Canon City, Colo., has sent the Bureau of Mines” 
specimens of aoe ore that is said to occur in considerable | 
quantity in a prospect being developed for copper 7 miles south of 
Parkdale, Fremont County. The specimens show 5 to 6 per ceni® 
of molybdenite associated with pyrite and chalcopyrite in a siliceous — 
gangue. Development work on the property consists of a shaft 
about 100 feet deep. > 

An occurrence of molybdenite is reported in Fremont County on 
the northern slope of Rito Alto Peak in the Sangre de Christo Range. 
The deposit 3 is above timber line, at an altitude of over 11,000 feet, 
and is difficult of access, being 18 or 20 miles from Guinot the 
nearest station on the Denver & Rio Grande Railroad, and the last — 
6 or 8 miles of the journey to the property is over a very rough | 
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a The above information is from a report given the writer by G. C. Knox, of Denver, Colo., on Noy. 8 
1915. 
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trail. It is understood that the only development work consists of 
a shaft about 30 feet deep. Specimens of ore said to have come 


_ from this occurrence and sent to the writer by B. J. Hillman, of 


Denver, Colo., consist of a quartzose rock in which the molybdenite 
‘occurs as flakes and irregular-shaped masses up to one-half inch or 
more in diameter and constitutes perhaps 4 or 5 per cent of the 
whole. The molybdenite is associated with chalcopyrite. No infor- 
mation regarding the size of the deposit nor the general grade of the 
ore is available. 


SPECIMENS FROM WESTCLIFFE, CUSTER COUNTY. 


Specimens of molybdenite ore said to be representative of a con- 
siderable quantity of material on the dump of an old mine 12 miles 
north of Westcliffe, Custer County, have been submitted to the 
bureau by L. H. Schoolfield, of that town. The rock in these speci- 
mens is so altered that its identification is impossible. It appears to 
be a highly metamorphosed calcareous sediment, and, besides the 
molybdenite, which occurs in flakes up to one-fourth inch in maxi- 
mum diameter, it contains siderite, calcite, quartz, and some feld- 
spar. It is seemingly free from copper. The writer estimates the 


_. molybdenite content of the samples submitted as 2 or 3 per cent. 


CLAIM NEAR MARBLE, GUNNISON COUNTY. 


The Bureau of Mines has received two samples of molybdenite ore 
said to have come from a claim recently located by John O’Toole, of 
Denver, on the southwestern slope of Treasury Mountain, about 8 miles 
north of Marble, Gunnison County. One sample consists of milky 
quartz, in which the molybdenite, associated with considerable 
molybdite, occurs in flakes up to one-quarter of an inch in diameter. 
In the other sample the quartz is crystallme and the molybdenite 
more granular in character. Both lots of ore were free from copper 
minerals and appeared to contain 2 to 3 per cent of molybdenum 
disulphide. The ore was said to have been taken from two roughly 
parallel veins about 150 feet apart and striking northeast. The 
average width of the larger vein was stated to be about 3 feet and 
that of the smaller about 20 inches. 


DEPOSIT SOUTH OF ASPEN, PITKIN COUNTY. 


Molybdenite is reported to occur in a deposit owned by F. E. 
Kendrick and associates, of Leadville, Colo., and situated south of 
Red Mountain about 20 miles south of Aspen, Pitkin County. The 
vein, which is called the Green Horn lode, is said to be 6 feet wide. 
A specimen of ore purported to have come from this deposit consists 
of a brecciated quartz heavily impregnated with pyrite and containing 
occasional fine flakes of molybdenite. 
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CLAIMS NEAR KOKOMO, SUMMIT COUNTY. 





G. M. Bacom, of St. Elmo, Colo., has submitted to the bureau 4 


samples of molybdenite ore said to have come from a claim near 
Kokomo, Summit County. The ore consists of white crystalline 
quartz containing a small amount of fine-grained molybdenite and 
its alteration product, molybdite. It seems identical with the molyb- 
denite ores from Bartlett and Chalk Mountains which are described 
‘above. No information regarding the exact location or size of the 
deposit is available. 


Small quantities of flaky molybdenite occur in ore from the tunnel — 


on claims belonging to Joseph Bryant, of Kokomo, Summit County, 
and situated about 2 miles southeast of that town. The ore con- 
sists principally of quartz heavily impregnated with pyrite. 


PROPERTY NEAR ST. CLOUD, LARIMER COUNTY. 


kK. F. Bartlett, of St. Cloud, Larimer County, has submitted speci- a 


mens of magnetite containing occasional patches of molybdenite. 
This ore is said to have come from a property about 4 miles south of 


the town. 
MONTANA. 


Out of a dozen or more authenticated occurrences of molybdenum 
ore in Montana, only two occurrences of molybdenite and one of 
wulfenite have been examined by the writer. Unfortunately, these 
deposits were of necessity visited during the late fall when they were 


covered with snow, which precluded an examination of their outcrops — 
and otherwise hampered their investigation. Besides the occur- — 


rences of molybdenite listed in the accompanying table, two occur- 
rences of wulfenite have been reported in the State. One of them is 
at Radersburg,? in Broadwater County, and the other is near Twin 


Bridges, in Madison County. The latter deposit was visited and is — 


described hereafter. 


Occurrences of molybdenite in Montana. 


Location. Remarks. Reference. 


Beaverhead County: 


Head of Birch Creek on) Tent | Im quartz . ec ose sseneeenceepeee Mineral Ind., vol. 13, 1904, p. 23 
Mountain, 12 miles west of Mineral Resources U. ie 
Apex and 30 miles northwest U.S. Geol. Survey, 1904, 2308) 
of Dillon. and Mineral Resources, Uses 
ae U.S. Geol. Survey, 1905, p. 
Wise. Rivet 6 vf ekace aa det see BOO D.niO ae sus aoe oe Bees eeR meee teas Latter from F. W. Hall, Wise ~ 
River, Mont. 


Broadwater County: ; 
Acs Win On eisai one eee eres cee With calcite and vesuvianite..... Specimen in U. S. National Mu- 
seum. 
Fergus County: 


AtiNethart: 252) ose eee | SL ele eee eae ee ee a U. S. Geol. Survey Bull. 585, 1914, 
p. 112. 7 


a Specimen in Harvard collection, Agassiz Museum. 
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Occurrences of molybdenite in. Montana—Continued. 





Location. 


Jefferson County: 
BewA. t OlANCOY 2. fess e5 ects eels. ' 


Madison County: 


With feldspar, quartz, chalco- 
pyrite, and muscovite. 
NORTEL! OUITeS Lee see efam eral Acta es | aie ca cite ean s aleiait ojefarale aisinsi¢ «= oa © 


Reference. 


Specimen in U. S. National 
Museum, 

Mineral Resources U. S., 1906, 
U.S. Geol. Survey, 1907, p. 528: 
Eng. and Min. Jour., vol. 76, 
1903, pp. 370, 791. 


EN GAPS MCLIGATN ac cen scleree Sec ac lates sicacicets Mase eee seiee 5 cuate Swat cies Mineral Resources U. S., 1906, 


‘ Missoula County: 


Leslie Copper Mine in western 
part of county. 


Park County: 
Near Chico Hot Springs........ 
Near Cooke, at head of Still- 
water River. 
Powell County: 
In Carpenter Gulch, 2 miles east 
of Ophir. 


Silverbow County: 

In the Montgomery, Altoona, 
and neighboring claims and 
number of places east of the 
Flat and in the Gagnon mine. 


In quantity on 150-foot level 


we eee e cece swe e eee ne ee se e- 


US: eel Survey 1907 
528, aide 


Mineral Resources U. S., 1901, 
we S. Geol. Survey, 1902, D. 
66. 


Mineral Resources U. S., 1903, 
U.S. Geol. Survey., 1904, Dp, 
308, and Mineral Resources Ue 
‘Shc "1904, U. S. Geol. Survey. 
1905, Dp. 341, 


Weed, W. H., Geology and ore 
deposits of the Butte district, 
Montana: U.S. Geol. Survey 
Prof. Paper 74, 1912, p. 79. 


MOLYBDENITE NEAR CHICO HOT SPRINGS, PARK COUNTY. 


The molybdenite property of the Great Western Mining & Milling 
Co. is situated in Park County about 64 miles from Chico Hot Springs 
and 54 miles southeast of Chico. It is at an elevation of about 7,500 
feet on the northeast bank of Emigrant Creek opposite Emigrant 
Peak, and on the southwest slope of the ridge joining Chico Peak and 
Mineral Mountain, outlying peaks of the Absaroka Range. 

The property is about 10 miles from Emigrant, the nearest railroad 
point on the Yellowstone Park branch of the Northern Pacific Rail- 
road from which it is reached by wagon road via Chico Hot Springs 
and Chico.” From Emigrant to Chico this road is in fair condition 
and there are no bad grades, but up Emigrant Creek the road rises 
almost continuously and many of the grades are so steep that the . 
hauling of even moderate loads is accomplished with difficulty. 

The deposit consists of a vein of what is seemingly a brecciated 
and somewhat altered fine-grained light-gray porphyry in which 
fine-grained molybdenite intimately associated with pyrite forms 
the matrix and permeates the individual fragments of brecciated 
material. Plate XIII, B, illustrates a cross section of typical ore from 
the deposit. According to Iddings and Weed ¢ the rocks downstream 
from the mine consists of basic andesitic breccia and flows, whereas 
above the mine they are acid porphyrites, andesite, and dacite. At 
the time the writer visited the property, in the late fall of 1913, the 
outcrop of the vein was covered with snow and the underground 


— 





aTddings, J. P., and Weed, W. H., Livingston folio (No. 1), Geol. Atlas U. S., U. S. Geol. Survey, 1894. 


74. MOLYBDENUM; ITS ORES AND THEIR CONCENTRATION, -~ 


workings were inaccessible owing to the presence of a great quantity 
of carbonic acid gas. As the writer was unable to make an examina- 
tion of the workings, H. F. Lawrence, the mine manager, kindly 
supplied the following notes: 

The molybdenite deposit was cut many years ago by a tunnel driven in search 
of gold. This old tunnel (said to be 700 to 800 feet long but the face of which is inac- 
cessible owing to cave-ins) intersects the molybdenite-bearing vein 360 feet from 


the portal and at a vertical depth of about 260 feet below the outcrop of the vein. 
At the point of intersection by the tunnel the vein is about 14 feet wide and so nearly 





perpendicular that it is impossible to say which is the foot and which the hanging ~ 


wall. Only one wall is well defined. There is practically no development work on 
the vein at the tunnel level, only a few feet of drifting having been done and a raise 
started. The strike of the vein is approximately N. 30° W. by 8. 30° E. It has been 


traced on the surface for over 1,000 feet by means of open cuts, and float ore indicates - 


that it continues much farther. The average width of the outcrop is 12 to 15 feet. 


As regards the molybdenite content of the ore, the author was 
informed by E. C. Sackett of Livingston, Mont., that two samples 
taken by him across the drift in the tunnel assayed 14 and 23 per cent 
MoS,, respectively, but these samples were probably taken in the 
richest places that could be found. As indicated by several tons of 


ore in a small mill erected for experimental concentration work near 


the mouth of the tunnel, the ore in the drift is of good grade, averaging 
perhaps 5 to 6 per cent MoS,. As far as shown by tests in a few small 
specimens, the ore contains no copper. : 

At the time of the writer’s visit 10 to 12 men were employed in 
gathering a fuel supply for winter. A new boarding house had just 
been completed and the foundation for a mill erected, and active 
development work was contemplated within a few weeks. It was 
proposed to treat the ore by water flotation without the use of acid 
or oil on machines designed by George B. Allison, president of the 
company. Whether the proposed process of treatment will be suc- 
cessful can not be foretold, but from a number of concentration tests 
on a model machine, which the writer saw made at Butte, Mont., it 
appears to be impossible to obtain a high-grade concentrate (85 per 
cent or more Mos,) from the ore by the process contemplated. The 
association of the molybdenite with the gangue is intimate and it is 
stated that-the ore must be crushed through a 60-mesh to 80-mesh 
screen before the molybdenite is liberated. It is practically impos- 
sible to feed this fine material to the water surface in an ore sheet only 


one mineral particle in depth, and for this reason considerable fine 


silica is supported on the floating film of molybdenite. A part of the 
pyrite in the ore also floats, and both of these impurities detract 
considerably from the grade of the concentrates. 

Plenty of wood for both fuel and mine timbers can 1 be obtained in 


the immediate vicinity of the mine, and Emigrant Creek carries suffi- — 


cient water to supply a large mill. 


Bites Sy la 
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A, SECTION THROUGH MOLYBDENITE ORE FROM QUIGLEY MINE, CARPENTER GULCH, 
NEAR OPHIR, POWELL COUNTY, MONT. (SLIGHTLY ENLARGED.) 





B. SECTION THROUGH MOLYBDENITE ORE FROM ROMERO MINE, PORVENIR, SAN MIGUEL 
COUNTY, N. MEX. (TWO TIMES NATURAL SIZE.) 
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_ Inquiries addressed to the president of the company as to the prog- 
Tess made in development work have not been answered; hence the 
author can not state what the result of this work was or whether it 
was ever carried out as contemplated. 


MOLYBDENITE IN CARPENTER GULCH, POWELL COUNTY. 


_ There is an occurrence of molybdenite ore about 2 miles east of 
Ophir, in Carpenter Gulch, Powell County. The property, which is 
owned by Thomas L. Quigley, of Sacramento, Cal., is about 74 miles 
‘from Avon and 12 miles from Elliston, stations on the Northern Pacific 
' Railroad, from which it is reached by wagon road. The elevation of 
‘the mine is approximately 5,700 feet. The author visited the prop- 
‘erty in the late fall of 1913, when the outcrop of the deposit was 
covered with snow. Apparently the property had not been worked 
for several years, and the portal of the tunnel by which it was devel- 
oped was locked. Furthermore, the tunnel had caved badly near 
‘the portal, so that access to it ead not be had. By clearing away 
the snow from a part of the dump the writer was able to obtain 
~30 or 40 pounds of ore, containing perhaps 2 or 3 per cent of molyb- 
denite in flakes and irregular-shaped masses up to an inch in maxi- 
mum diameter. The rock in which the molybdenite occurs is 
seemingly a metamorphosed limestone that has undergone various 
‘stages of alteration. Some specimens are much more highly altered 
than others. The great differences in the character of individual 
specimens of the ore are illustrated by Plate XVI, A, which also 
plainly shows how the molybdenite occurs. The most prominent 
minerals in the rock are garnet, epidote, quartz, some unidentified 
silicates, and one or more calcareous carbonates. ‘The ore is seem- 
ingly free from copper minerals. 

Tests of the crushed ore show that the garnet contained in it is a 
good conductor of electricity, and therefore concentration by electro- 
‘static methods is impracticable, but the ore is evidently suitable for 
‘treatment by flotation. From the size of the dump at the tunnel 
mouth the writer would estimate that the tunnel had been projected 
between 150 and 200 feet, but as the tunnel was inaccessible for the 
reasons stated above nothing definite can be said here as to the size 
of the deposit and of the possibilities of its being of commercial 
importance. 

_ Asecond occurrence of molybdenite in Carpenter Gulch is reported 
at the head waters of the creek, about 24 miles above the occurrence 
already noted.“ Specimens said to have come from this deposit show 
the molybdenite occurring in small flakes in what is seemingly a 
-Metamorphosed limestone. . 


a Letter, dated Mar. 6, 1915, from C. L. Smith, Deer Lodge, Mont. 
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The Bureau of Mines has received from G. H. Gibson of Cooke, 
Mont., several samples of molybdenite ore said to have come from a 
deposit on the headwaters of the Stillwater River near Cooke, Park 
County. The samples consist of greenish-black, medium to coarse 
grained. garnetiferous amphibolite in which the molybdenite occurs 
in small irregularly distributed patches. The rock is heavy and 
tough, and at least 75 per cent of it is made up of dark-green horn- 
blende. The other principal constituents are a reddish-brown garnet 
and quartz, the latter occurring for the most part in narrow veinlets, 
Pyrite occurs associated with the molybdenite both in the hornblende 
and in the garnet. In the 30 or 40 pounds of material submitted to” 
the bureau the author would estimate the molybdenite content to 
be 1 to.1.5 per cent. a | 

B. R. Holland of Cooke, Mont., has sent in specimens of quartz 
containing small flakes of molybdenite associated with molybdite. 
These are said to have come from a prospect in the vicinity of that 
town. 

Specimens of molybdenite ore, said to have been obtained from 
stringers and small veins cut in driving a tunnel in Comet Mountain 
on the property of the Boston-Montana Development Co., Beaver- 
head County, have been received from F. W. Hall, of Wise River, 
Mont. The molybdenite occurs as small flakes in quartz and is stated 
to occur in quantity.¢ ; 


WULFENITE ORE NEAR TWIN BRIDGE S, MADISON COUNTY. 


The property of the Grand View Mining & Development Co., of 
Twin Bridges, Mont., is situated near the crest of the Tobacco Root 
Range, about 11 miles east of Twin Bridges, the nearest station on a 
branch of the Northern Pacific Railroad. from Whitehall. It is 
situated near the summit of Little Baldy Mountain and is reached 
by wagon road up Goodrich Gulch from Twin Bridges. 

The deposit consists of a vein of porous and well-crystallized cerus- 
site heavily impregnated with iron oxide and containing perhaps } to 
1 per cent of well-crystallized wulfenite. The ore is reported to carry 
30 to 50 per cent of lead, 2 to 6 ounces of silver, and 0.2 ounce to 1.5 
ounces of gold per ton. ; 

At the time of the author’s visit to the property in the late fall of 
1913 little development work had been done, and the outcrop of the 
deposit was covered with several feet of snow, so little exact informa- 
tion as to the size and extent of the deposit could be obtained. A 
short tunnel had been driven only a few feet below the outcrop, and 
intersected the vein at a point where it was 17 feet horizontally be- 


a Letter of Dec. 9, 1914, from F. W. Hall, Wise River, Mont. 
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_ tween walls, and a few feet of drifting had been done on the vein at 


this point. The strike of the vein as indicated by this work was 
practically east, and the dip appeared to the author to be about 35° 
to 40° to the north. However, the management of the property 
seemingly has a radically different idea as to the dip of the deposit, 
because the company has started a tunnel several hundred feet below, 
on the south side of the mountain, and is driving it north to intersect 
the vein, whereas if the deposit dips in the direction the author sup- 
poses the vein could be much more readily reached by a tunnel from 
the north side of the mountain. In the upper workings black lime- 
stone seems to form both the footwall and the hanging wall of the 


deposit. 


A microscopic examination of a large dark-colored wulfenite crystal, 
said to have come from this deposit and given to the author by Henry 
Schmidt, president of the company, showed the presence of metallic 
gold in the crystal, the occurrence being seemingly similar to that of 
the native metal in wulfenite crystals from the Old Yuma mine near 
Tucson, Ariz. (see p. 115). 

Because of the small amount of development work on the propérty, 


it is impossible to say whether the occurrence of wulfenite in the ore 
may prove of commercial importance as a source of molybdenum. 


However, if concentration of the ore is attempted with a view to 
saving the wulfenite, great difficulty is almost certain to be encoun- 
tered in separating it from the cerussite, which is nearly of the same 


specific gravity. 


NEW MEXICO. 


Few occurrences of molybdenite have been reported in New 
Mexico, and only one deposit in the State, that of the Romero Mining 
Co., near Porvenir, San Miguel County, has been visited by the author. 
Other occurrences are at Rociada, about 6 miles north of Porvenir, 
in the same county; at Bromide, in Rio Arriba County; and at the 
Modoc mine, in the Fierro Heiice Grant County. In all these locali- 
ties the Molepdenied is associated with copper ores.? 

The mineral also occurs in quartz breccia in a deposit near Magda- 


lena, Socorro County,® and associated with lead and silver ores at 


Organ, Dona Ana County.° 

Deposits of wulfenite are confined almost entirely to Dona Ana, 
Sierra, and Grant Counties, in the southwestern corner of the State. 
The mineral occurs rather commonly with silver ores in the Organ 
district, in Dona Ana County, and many well-crystallized specimens 
have been obtained from the Bennett mine at Organ. Most of these 
specimens show beautiful yellow crystals of wulfenite associated with 





a Sanford, Samuel, and Stone, R. W., Useful minerals of the United States: U. S, Geol. Survey Bull, 
585, 1914, p. 132. 

b Specimens in collection of Bureau of Mines. 

¢ Sanford, Samuel, and Stone, R. W., loc. cit. 


40167°—Bull. 111—16——6 
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cellular quartz and secondary calcite and limonite. In Grant 
County the mineral occurs in deposits near Lordsburg ¢ and also in 
the Lucky Bill mine near Santa Rita, but as far as known these 
occurrences are only of mineralogical interest. Plate IV, B, shows 
a group of wulfenite crystals of unusual form from the Lucky Bill 
mine. In Sierra County wulfenite has been mined at Hillsboro,® and 
a small production of the mineral was derived by Mr. Ralph Widener 
in 1914 from the Gladys claim, in the Caballos Mountains,° near 
Cutter. The occurrence of the mineral has also been reported from 
the Belcher mine, in Santa Fe County.¢ 


MOLYBDENITE PROPERTY OF THE ROMERO MINING CO. 


The Romero Mining Co., of Las Vegas, has done considerable 
development work on a molybdenite prospect situated about a mile 
and a half from the Porvenir Hotel at Porvenir, San Miguel County. 
This town is about 18 miles northwest of Las Vegas, and may be 
reached from there over a good wagon road or over a part of the 
same road from the northerly terminal of the Hot Springs Railroad, 
from which it is about 8 miles distant. | 

The vein material of this deposit 1s seemingly a pegmatite, consiSt-— 
ing largely of quartz and feldspar, with smaller amounts of biotite 
and occasionally fluorite. The molybdenite, which is closely associ- 
ated with chalcopyrite, occurs in masses up to 2 or 3 inches in maxi- 
mum diameter in occasional pockets in the vein material. The ore 
also contains scheelite, bismuthinite, malachite, molybdite,; and vari- 
ous iron oxides. Plate XVI, B, illustrates a cross section of a speci- 
men of molybdenite ore from this property. The interesting ore 
structure shown, although not typical of the ore as a whole, was noted 
in a number of specimens. The country rock is a fine-grained pink 
feldspathic granite, which upon microscopic examination shows the — 
following minerals: Quartz, orthoclase, microcline (very abundant), 
albite, a small amount of biotite, and a few minor accessory minerals. 

When the author visited this property, in the winter of 1913, it 
was covered with snow and the outcrop of the deposit could not be 
examined. At that time development work consisted of a tunnel 
about 700 feet long and a shaft said to be about 75 feet deep. The 
bottom of this shaft was filled for 20 feet or more with material that 
had caved from the sides. Twenty or thirty tons of rich molybde- 
nite ore associated with tungsten, bismuth, and copper minerals was 
reported to have been taken from several pockets in this shaft, but 
at the time of the author’s visit there was no ore visible either in the - 

a Sanford, Samuel, and Stone, R. W., op. cit., p. 134. | 
6 Sanford, Samuel, and Stone, R. W.., loc. cit. 
¢ Hess, Frank L., The production of cobalt, molybdenum, nickel, etc.: Mineral Resouces of U. S. for. 


1914, U. S. Geol. Survey, 1915, p. 925. 
d Specimen 84293 in U. S. National Museum. 
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shaft or in the tunnel, which was being driven with the expectation 


of crosscutting the ore-bearmg pegmatite at depth. A considerable 


part of the rich ore taken from the shaft was sacked and stored in a - 
small experimental mill that had been erected near the property. 
A part of it had been treated by crushing, followed by screening and 
hand picking to remove the coarser pieces of molybdenite, followed by 
concentration on a Wilfley table. The author was shown several 
small lots of coarse high-grade molybdenite and several tons of con- 
centrates contaiming about 7 per cent MoS, and rich in copper, which 
was obtained by this method of treatment. It was stated that tests 
to recover the molybdenite and copper by means of an oil-flotation 
process tried on an experimental scale at the mill had resulted in 


- failure. It is understood that a few hundred pounds of coarse high- 
grade molybdenite, which presumably was recovered from some of — 


the sacked ore in storage at the time of the author’s visit, was sold 


by the company in 1914. 


WASHINGTON. 
CROWN POINT MINE. 


The Crown Point mine of the Aurelia Crown Co. of Seattle is sit- 


uated in the Chelan National Forest, in the NW.1 T. 31 N., R.16 E., 


at the head of Railroad Creek, Gielan County. Tt 3 is ate the ite 


mit of the Cascade Range at an elevation of over 5,000 feet. (See 
- accompanying sketch map, fig. 1.) The property is reached from 
Chelan Falls, on the Great Northern Railway, via stage to Chelan or 
Lakeside, a distance of 3 or 4 miles, thence by steamer up Lake 





Chelan for about 40 miles to Lucerne, and then by wagon road and 


_ trail up Railroad Creek for about 18 miles. The first 3 or 4 miles of 


this last part of the journey are over a poor wagon road which ascends 
the hill back of Lucerne with many steep grades and sharp curves 


_ to connect with an abandoned railroad grade which continues up 


the north bank of the creek to a point about 12 miles from its mouth. 


_ From the up-stream end of the railroad grade a poor trail leads to 


the property, about 6 miles distant. ‘The elevation of Lake Chelan 


at Lucerne is 1,072 feet. Accordingly the vertical rise from the 


lake to the mine is about 4,000 feet, and the average grade of the 


road and trail for the entire 18 miles is over 4 per cent. 


The molybdenite-bearing deposit at the Crown Point mine con- 
sists in the main of a nearly horizontal vein of white vitreous quartz, 
which outcrops for a distance of several hundred feet on the north- 
east face of an almost perpendicular granite cliff at a height of 700 or 
800 feet above its base. This vein dips slightly(perhaps 5° to 6°) west. 
On the outcrop its maximum thickness is about 3 feet, and it pinches 
eradually to 3 or 4 inches at both ends of the outcrop. The vein 
also decreases rapidly in thickness as it runs back into the cliff, and 
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in a distance of 75 to 100 feet it practically pinches out. Plate 
XVII, A, shows the outcrop at the mouth of one of the short tunnels 
by which the property is developed. Attention is called to the pinch 
‘of the vein toward the left as it runs into the cliff and to the well- 
defined footwall and hanging wall. The old tree stub at the right 
leans out from the face of the cliff, which drops almost perpendicu- 
larly from the mouth of the tunnel for 600 or 700 feet. 

An inspection of the local topography makes it evident that the 
hill in which the vein occurs once extended much farther to the north- 
west, and that a considerable part of it has been removed by erosion 
to form the valley on which the present cliff faces. It is certain 
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FIGURE 1.—Sketch map of the vicinity of Lake Chelan, Wash., and vicinity, showing the situation 
of the Crown Point and Robischand mines. 
that the molybdenite-bearing vein extended into this eroded part, 
but there is no evidence from which to determine how much of the 

vein has been carried away. 

The molybdenite occurs scattered irregularly through the quartz in 
masses ranging in size from minute specks to pieces 4 to 5 inches in 
maximum diameter. In generalthe molybdenite is unusually well 
crystallized, and the deposit probably affords finer specimens of the 
mineral than are to be obtained from any other known occurrence. 
Most of the crystals have the form of flat, hexagonal pyramids, the 
majority of which are beautifully striated. Some of them are one- 
half to 1 inch high, and 4 to 5 inches in maximum diameter, and 
weigh one-fourth to one-third of a pound each The contrast afforded 
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by these lustrous black crystals on a background of clean white quartz 
is strikingly beautiful. Photographs of some of these crystals and 
of a characteristic ore from this deposit are reproduced in Plates 
I and III, A. A few masses of molybdenite larger than those 
‘mentioned above are found, and the company states that ‘some 
have been mined that weighed over 5 pounds,” and that ‘‘one 
weighed 11 pounds.’ In general, the molybdenite does not occur 
in the center of the vein, but is confined to horizons extending from 
a line 2 to 3 inches from the center of the vein to a line the same dis- 
tance of either wall. The accessory minerals are unimportant. Small 
quantities of chalcopyrite and copper carbonates derived from it 
occur at several places in the vein, also occasional small patches of 
- galena and sphalerite. These minerals are, however, largely con- 
fined to occurrences along the walls or in the immediately adjoining 
country rock. On the whole, the quartz-vein material is remark- 
ably free from all minerals except molybdenite. In several places 
along the outcrop and in the tunnels where molybdenite is exposed 
to the air it. has altered to molybdite, and fine specimens of partly 
altered crystals may be obtained. 

The country rock is a medium to fine grained, greenish-gray biotite 
granite in which the feldspars are kaolinized to a considerable extent. 
The biotite is also more or less altered and is in various stages of 
chloritization. According to analyses made by Zaumbrecker and 
Pierce,“ of Northwestern University, the country rock does not 
contain molybdenum. Crook, in describing the occurrence of 
molybdenite at this mine,?® cites the absence of molybdenum in the 
neighboring granite as an indication that the molybdenite in the 
vein has not been derived by lateral secretion. 

About 10 feet immediately below the vein already described and 
roughly parallel with it there is a second smaller quartz vein which 
outcrops for a short distance along the face of the cliff. The vein 
is only a few inches in thickness, but it is said to be richer in molyb- 
denite than the larger vein. Little development work has been 
done on it, and nothing can be said of its possibilities. 

Development work on the upper vein consists of two short inter- 
secting tunnels. The larger of these, locally known as Tunnel No. 1, 
runs about 200 feet west and is intersected at an acute angle by 
Tunnel No. 4, which is about 80 feet long and runs southwest. The 
author’s examination of the property was of necessity confined almost 
entirely to an inspection of the upper vein as disclosed by these two 
tunnels, as a heavy snowstorm, in progress at the time of his visit, 
rendered work along the outcrop on the face of the cliff impossible. 

a Crook, A. R., Molybdenite at Crown Point, Washington: Geol. Soc. of America Bull., vol. 15, 1904, 


p. 287. 
b Crook, A. R., op. cit., pp. 283-288. 
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Equipment to serve the Crown Point and neighboring claims con- — 
trolled by the same owners consists of a mill, machine shop, power — 
house, sawmill, warehouse, three cabins, and a barn. The mill is © 
situated on the slope at the foot of the cliff in which the molyb- | 


denite-bearing veins occur, and is connected with the tunnels above 
by an aerial tram. As the property had been closed for the winter 
at the time of the author’s visit, entrance to the mill was not to be 
had, and no detailed description of its contents can be given here, 


The equipment is said to consist of crushing and concentrating ma- — 


chinery, the latter including a Schule dry concentrator imported 


from Hamburg, Germany, for treating the molybdenite ore.* The 


mill building also contains a small compressor plant operated by a 
Pelton wheel. The president and general manager of the company 
in speaking of the mill stated: ‘All the machinery works well except 
the Schule concentrator, which does not save the small particles of 
molybdenite; neither does it entirely separate all the quartz from 
the molybdenite we have concentrated.” 

There is a splendid supply of timber available for use in mining or 
building. About half of this is Douglas and white fir and the remain- 


der consists of cedar, white and yellow pine, spruce, and hemlock. — 
As already stated, the property lies within the boundaries of the — 
Chelan National Forest: hence stumpage is for sale by the United — 


States Government. 


Much water power could be developed from a number of sources — 


in the immediate neighborhood. Principal among these is Aurelia 


Lake, which has an area of about 80 acres, and is said to be capable ~ 
of supplying water with a head of more than 1,600 feet within the 


confines of the property. 


The mine is credited with a production of 10 to 12 tons of molyb-— 
denite ore in both 1901 and 1902. » Presumably this was high-grade — 
material, although no statement regarding its quality is made. After © 
leaving the property the author saw at-the warehouse of the company — 
at Lucerne about 24 tons of high-grade mineral estimated to contain — 
over 95 per cent MoS, which was ready for shipment. This material — 
was said to have been obtained by hand cobbing the ore and picking © 


out the larger pieces of molybdenite. 


The cost of mining at the property is considerable on account of the | 
high cost of transporting supplies and the narrowness and slight dip of— 
the ore body. The granite in which the vein occurs is hard and at — 
least 3 or 4 feet of it must be mined. However, the vein stands up — 
fairly well after the underlying granite has been removed, and with — 
careful selective mining little sorting would be necessary, and the 


a Hditorial, Eng. and Min. Jour., vol. 78, 1904, p. 273. 
b Pratt, J. H., Tungsten, molybdenum, uranium, and vanadium: Mineral Resources U. S. for 1902, 
U.S. Geol: Survey, 1903, p. 287. 
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_ little necessary would be rendered easy on account of the great dis- 


_ similarity between the vein material and the waste rock. 


The precipitation during both summer and winter is great, and, 
owing to the altitude of the property, snow remains until early sum- 
mer. The roads and trails from Lake Chelan to the property are 
generally open in June, and easy access to the mine may be had until 


the middle or last of September. On September 15, 1914, the com- 


pany’s men, who were carrying on development and assessment work, 
left the property for the winter, and on the next day, when the author 
visited the property, a heavy fall of snow took place. 

If further development should disclose sufficient ore of similar 
character to that already in sight to warrant the installation of the 


necessary machinery, no difficulty should be experienced in concen- 


trating the ore. A large part of the molybdenite could be efficiently 
recovered by hand picking after crushing the coarse pieces. The dis- 


_ card might then be reduced to perhaps 10 mesh and treated by electro- 


static methods. Concentration tests of nearly similar ores lead the 


author to believe that a high mone and a high-grade concentrate 
could be made. 


MOLYBDENITE NEAR LOOMIS, OKANOGAN COUNTY. 


There is a large deposit of low-grade molybdenite ore about 10 miles 
from Tonasket, Okanogan County, on one of the spurs of the Aeneas 


- Mountains. It may be readily reached by automobile from Tonasket 
or from Loomis, both towns being about the same distance from the 


_ property. The deposit, which is owned by Andrew Starr, of Tonasket, 


_ appears to consist of a blow-out or chimney of medium-grained light- 


- gray granite in which the molybdenite, associated with pyrite, occurs 
as small flakes up to an eighth of an inch in diameter. The writer 


- would judge that the average molybdenite content of the granite was 
_ 0.5 per cent, but by careful hand picking ore containing 2 or 3 per cent 


of molybdenite might be obtained. At the time of the author’s visit 
to the property in the late fall of 1914 the limits of the outcrop of the 
ore body had not been determined, as in most places the granite was 


_ covered with considerable soil, but so far as prospected it appeared to 


be about 200 by 400 feet. The principal development work con- 
sisted of two short prospect tunnels, the relative locations of which are 
shown in Plate XVII, B. The principal constituents of the granite 
are quartz, feldspar, and biotite. The feldspars have been consid- 
erably altered to sericite and kaolin. Accessory minerals are ilmenite, 


apatite, and zircon. Dr. F. B. Laney, of the United States Geological 


Survey, who kindly examined samples of ore from this deposit for the 


_ author, states that: 


a , pitty 


The molybdenite and a small amount of pyrite are distributed irregularly through 
the rock in such a manner as to suggest the possibility of their being original constit- 
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uents. In some places the molybdenite occurs in irregular fractures, but is by no 4 
means confined to them. Indeed it is distributed pretty well throughout the whole — 
mass of the specimens studied, but appears to be more abundant in the more highly 
quartzose parts of the rock, thus possibly indicating that it is a late addition to the — 
solidifying or partly solidified magma. 


OTHER OCCURRENCES OF MOLYBDENITE IN WASHINGTON. 


DEPOSIT NEAR SAFETY HARBOR CREEK, CHELAN COUNTY. 


Molybdenite associated with chalcopyrite is reported to occur in 
Chelan County near the head of Safety Harbor Creek, which flows 
into Lake Chelan on its northwestern shore about 25 miles in an air 
line from the foot of the lake. The deposit is situated on the north-— 
western side of the creek, opposite the Navarre Peaks, and is at an 
elevation of about 6,000 feet. It 1s 10 miles over a good trail from 
the mouth of the creek to the camp. The situation of the deposit 
is shown in figure 1. The following notes regarding the property 
were kindly furnished * by the owner, P. Robischaud, of Lakeside, 
Wash. The deposit consists of two systems of veins, one running ~ 
approximately east, the other north. About 700 feet of development 
work has been done, mostly in tunnels. The main tunnel is about 
330 feet long, and 200 feet of drifts has been run from it. Twelve 
fissures running east and three running north have been cut. ALI of 
these are small, being 18 inches or less in width. The greatest depth 
reached on any of the veins is about 200 feet. The country rock is 
said to be porphyry. 

Specimens of ore submitted to the bureau consist of a highly altered 
rock containing molybdenite and chalcopyrite. In most of the 
‘specimens the two minerals are not intimately associated, the molyb- 
denite being confined to areas bounding those in which the chalco- 
pyrite occurs; for example, in one piece showing a 43-inch streak of 
chalcopyrite the molybdenite occurs in two bands about half an inch 
wide on either side of the chalcopyrite. The rock in which the sul. — 
phides occur has been so changed that determination of its original 
composition is impossible. The principal constituents are quartz, a 
carbonate that is seemingly siderite, and a phosphate that is probably 
apatite. 


DEPOSIT ON SHEEP MOUNTAIN, OKANOGAN COUNTY. 


J.M. Risley, of Twisp, Wash., has furnished the following infor- 
mation concerning a molybdenite deposit on Sheep Mountain in the 
northern part of Okanogan County.? The property, which consists 
of five claims, is situated about 1 mile south of Monument No. 11 of 
the United States-Canadian boundary line and about 20 miles from 


a Letter of Nov. 21, 1914. - 6 Letters of Dec. 28, 1914, and July 23, 1915. 
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Ashnola Siding, a station in British Columbia on the branch line of 
the Great Northern Railroad to Princeton. The best route to the 


claim is said to be over a wagon road that runs from this station up 


the Ashnola River for 8 miles and thence by trail about 12 miles to 
the property. On the HEU side the deposit is about 55 miles 
by trail from Twisp. 

The deposit consists of three roughly parallel veins 4 to 7 feet wide, 
the outcrops of which may be traced almost horizontally along the 
side of the mountain. The veins are well defined and traverse a 
granite country rock. The altitude of the lowest vein is about 8,000 
feet and that of the highest is about 9,000 feet. The two lower veins 
are below timber line, but the third is above it. Development work 


- consists of several open cuts and short tunnels. Specimens sent to 


the bureau show the vein material to be a pegmatite in which the 
molybdenite occurs as flakes up to a quarter of an inch in diameter, 
associated with molybdite and pyrite. The specimens submitted 
were free from copper minerals and were estimated to contain about 
1 per cent of molybdenite. 


PROSPECTS NEAR OROVILLE, OKANOGAN COUNTY. 


The author has noted the occurrence of small quantities of molyb- 
denite associated with chalcopyrite in quartz in the Forty-ninth 


- Parallel, Golden Chariot, and O. K. prospects, all of which are situated 


about 3 or 4 miles north of Oroville, Okanogan County, on the 
eastern slope of the hills on the west shore of Lake Osoyoos. The 
mineral also occurs near Concunully in the same county, associated 
with quartz, sericite, pyrrhotite, and secondary calcite. ¢ 


MISCELLANEOUS OCCURRENCES. 


Other localities in the State in which molybdenite occurs are as 
follows: Near Skykomish, King County, with chalcopyrite and bor- 
nite;® in the Monte Cristo district, Snohomish County, as occasional 
fine flakes ;* in Pierce County on the north side of Mount Ranier near 
the White River Glacier at an altitude of about 5,000 feet;¢ on 
Thunder Creek, a tributary near the head of the Skagett River ;¢ in 
Ferry County on many prospects in the Sanpoil district ;/ also in the 
Metalline district in Stevens County.9 


a Specimen in U.S. National Museum. 

b Specimen in Museum of California Bureau of Mines. 

e Spurr, J. E., The ore deposits of Monte Cristo, Wash.: U. S. Geol. Survey Twenty-second Ann. Rept., 
pt. 2, 1901, pp. 777-865. 

d Letter from Milnor Roberts, University of Washington, Nov. 20, 1913. 

eIdem. 

f Sanford, Samuel, and Stone, R. W., Useful minerals of the United States: U.S. Geol. Survey Bull. 
585, 1914, p. 205. 

g Sanford, Samuel, and Stone, R. W.., loc. cit. 
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TABULATION OF MOLYBDENITE AND OF WULFENITE OCCURRENCES 
IN THE UNITED STATES. 


Following are tabulations showing molybdenite and wulfenite 
occurrences in the United States, with remarks and references to 
descriptive literature. 


Occurrences of molybdenite in the United States. 











State. Remarks. | Reference. 
Alaska: F 
Jumbo mine, Sulzer ASS In altered limestone (?) with chal-| U. S. Geological Survey Prof. 
copyrite. Paper 89, 1915, p. 49. 
Treadwell mine... 2.2... c-.-% Prequent ia 0reuye-s-24--5- sean Trans. Am. Inst. Min. Eng., 
vol. 35, 1905, p. 503. 
Chilcoot-Passin. 25.4 vic. ncaemel ba met oko abana tame raed reteset Specimen in U. 8. National Mu- 
seum 
At mile 192.0n Copper Riveride 4. 2 Saas vars ses esas Soaee ene oes -| Min. and Eng. World, vol. 37, 
Northwestern R. R. ; of hig 1912, p. 5 
On Lost River, Seward Penin- | Fairly coarse aggregates in iron- Specimens in collection of U. 8. 
sula. stained siliceous gangue. Geol. Survey. 
Arizona 
Bee. pp. BZ LO-D8 2 can aca <tin aa ees | - sie oi ares. o ackenia Peles icleisiatnitie eiagtigls 3 Osea 
California: 
BOO DD. DG 10 GSA a. ocak plage snelebaa die ve cbielbian han nte abate nutter gee 
Colorado: 
SGC D Ds OS' O42 fsa se aaa aienrs Sah Soe e serie ele Se tetera rate 
Connecticut: 
AtHaddam, Middlesex County.| In gneiss............-.....-....-- Specimen in Brush collection, 
os University; and Dana, E. 
A system i mineralogy, 
@ih ed., 1911, p. 4 
At Saybrook fossa ke ces dea ce ee loess ae AE Sey ancy hs Fa 6 Dana, E. 8. , loc. ct, 
South Glastonbury, Hartford | In pegmatite....................- cee Geol Survey Bull. 585, 
County. 1914, p. 5 
Idaho: 
At Knob Hill, Kootenai County; On pr Saee of the Sauca Consoli- | Min. Ind., vol. 16, p. 723. 
date 
Seven Devils district........... In Chieftan Copper mine......... ‘Specimen in California Bureau 
f. of Mines Museum. 
At Leadore, Lemhi County. ...| Small flakes with sericite......... Specimens in collection of U. S. 
: Geol. Survey. 
Owsouth fork of Salmon: Riverys. ct aeeces snc aes eeeene ee eee Min. Ind., 1905, vol. 14, p. 450. 
14 miles from Warren. 
Maine: Rat 
At Cooper, Washington County.| Flakes in pegmatite dikes and | U. S. Geol. Survey Bull. 340, 
granite. 1908 Hees 231-240; and U. 8. 
Geol, § ey Bull. 260, 1905, 
At Brunswick, Cumberland | With quartz, feldspar, and bio- Beoimenr in U.S. National Mu- 
County. tite. seum; U. 8. Geol. Survey 
R Bull. 340 1908, p. 236. 
At Blue Hill Bay and Camdage | In large crystals.................. Dana, E.S., loc. cit. 
farm, Hancock County. 
At Bowdoinham, Sagadanioc | aw ay ot Seeman. ewe ont tee eee Do. 
rae and Sanford, York 
ounty 
At Tunk Pond, Hancock | Flakes in pegmatite dikes and | U. S. Geol. Survey Bull. 340, 
County. granite. 1908, pp. 231-240; Min. World, 
vol. °31, 1909, pp. 323, 324. 
At Buckheld: Oxford County2| 4. Coase te tert code eee ak ees Eng. and Min. Jour., vol. 82, 
1906, p. 1106; U.S. Geol. Sur- 
= vey Bull. 340, 1908, pp. 236-237. 
At Greenwood, -Oxtord ‘County os pocccstes suing <2 es tan eee eee Eng. and Min. Jour., vol. 82, 
; 1906, p. 1106. 
Mount Mica, 4 miles east of | In pegmatite..................... U. S. Geol. Survey Bull. 340, 
Paris. 1908, p. 237. 
Massachusetts: 
At Roo at Gast Of Locke's {oi 2s sco etree seas suehue ee Dana, E.&., loc. cit. 
pond. 
At Brimflelkd coca ee ee WEGMONLG. Aah oe. ee. ae Do. 
AG Rockport. iin oo se oemes eee UM STAN NOT vices see eae Cie Letter from C. H. Warren, Bos- 
* ton, Mass. 
> (At Quinty s icc ia.) coos een ee ee 10 toe Sept ice waters gam! oe Sec ee ae Do. 
Minnesota: 
Near, Portage, Aitkin County-5Aiie ct: see eugen seta epic ce ee Min. Res. U.S., 1901, U. S. Geol. 
Survey, 1902, 7 Dp. 267. 
Montana: 


See pp. 72 t0 7655 2a oe edge eacea hee ee Sere ace ee ee ee 
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DESCRIPTION OF DEPOSITS. 


State. 


Nevada: 


At Scott’s camp, near Alpine 


Lander County 


Near Lewis, Lander County 


In Tule Canyon, Esmeralda 
County. 


14 miles from Tonopah on Lone 
Mountain, Esmeralda County. 
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Remar_s. Reference. 





Letter from G. Scott, Alpine, 
Nev., Nov. 9, 1914. 

Specimen in Nevada exhibit of 
ie International Expo., 

Specimen in California Bureau 
of Mines Museum. 

Specimen in Nevada exhibit of 
safc International Expo., 

Eng. and Min. Jour., vol. 76, 1903, 
p. 667 


At Columbia, Esmeralda] With powellite, scheelite, and | Specimen in U.§. National Mu- 





County. kaolin. seum. 
BCinileg “west Ol. VWINNeMUCca, |. 2 y0%5 oh sen oan pce ene desea et ees coe Eng. and Min. Jour., vol. 87, 1909, 
on Rose Creek, Humboldt p. 775. 
County. 
Winnemucca, Humboldt | With quartz, chalcopyrite, and | Specimen in U. 8. National Mu- 
ounty. gypsum. eat seum. 
At Mena, Mineral County ...... Fine grains with molybdenite in | Specimens in collection of U. S. 
siliceous gangue. Geol. Survey. 
26 miles north of Golconda, | Fairly large aggregates in siliceous Do. 
Humboldt County. | gangue. 
Near Amos, Humboldt County.| Fine flakes with quartz sericite, Do. 
and ite. 
Near Yerrington, Lyon County.| Fairl Maan masses with quartz Do. 
and feldspar. 
POAHOAL Ose NUR. VAMGY O25, abana ac pate sip caer -pme'du esis sce no aa Ae Le Survey Bull. 585, 
; »D- si 
re ~ er ington district, Lyon | In pegmatite...........s.+-----.- Do. 
ounty. 
At Redlich, Mineral County....| In quartz veins.......-..- Wider nik 26 Do. 
At Oak Springs, 45 miles north | With powellite and scheelite..... Do. 
of Johnnie Siding, Nye | 
County. * 


New Hampshire: 


At Westmoreland In quartz and feldspar Specimens in U. S. National Mu- 
seum and Brush collection, 
Yale University; Dana, E. &., 
A system of mineralogy, 6th 


ed., 1911, p. 41. 


weet ee ee ee ce ee) ALL YUUGLUA ALLL 1L0LUS VE «oe eee ee eee 


A PLASNGRls st. Shs 2 Same setae In’ tubular'erystals: 20.2. 628.5. Dana, E. S., loc. cit. 

At RTANCOM Gat etc ose cee ok he Se et eae ee ese sues eee Ses Do ’ 

Wialpolemerecssatete isc. onsae With kaolinized feldspar, musco- | Specimen in U. S. National Mu- 
vite, and molybdite. seum. 

PISETON Soy Poke cn eee las ote With feldspar and hornblende... . Do. 

New Jersey: i 

At Stanhope, Sussex County...| In a fine-grained magnetite with | Eng. and Min. Jour., vol. 78, 1904, 

massive pyrite in the Hude 101: U. S. Geol. Survey 


mine; also in Stanhope mine. Bull. 585, 1914, p. 127. 


IMGATOO stisn a dsesS eee cei od oe With augite and‘ pyrrhotite in | Specimen in U. S. National Mu- 
crystalline limestone. seum.  - 
Hackettstown... .. 2s. s2 scenes With chalcopyrite and pyroxene..| Specimen in Field Museum of 


Natural History. 
Specimen in American Museum 


Edison, Sussex County....-.... ef Natural’ History. 


Crystals in granitoid rock in Og- 
en mine. 


New Mexico: 


SCO D1 (LOO meee etree ae rape ee ees MSR aS alates alnie's pism sate see 
New York: : 

In New Bed mines, Essex | With pyrrhotite.............-.-.. Trans. Am. Inst. Min. Eng., vol. 

’ County. 27, 1897, p. 199. 

ine Pore eElentry. rOnewiuness WS) | vetoes. cris ei itcnies eases cim « cjc'aels one Do. 
sex County. ; ; ; 

Atta mE TIOLG, MM CHeErsOMl slack tee neste Coen emes ce cceele cas Specimen in California Bureau of 
County. Mines. 


U. S. Geol. Survey Bull. 585, 


Lyon Mountain,Clinton County He 138 
914, p. 138. 
D 


Se ee ee ee 





West Point, Orange County.... 

2 miles southeast of Warwick, 
Orange County. : 

New York City, near Forty-sec- 
ond Street and First Avenue. 

Tilly Foster mine, Brewster, 
Putnam County. 


ee 


Brush collection, Yale Uni- 
versity. 


Lake Champlain..............- With quartz, feldspar, and mus- | Specimen in U. 8. National Mu- 
covite. seum. 
PA CIPGNOSCKMNLOUM LING see ae tae eciins coe fos caitacin sess cins sess aes Min. Ind., vol. 6, 1897, p. 485. 


ce 
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Occurrences of molybdenite in the United States—Continued. 


State. 





North Carolina: 
Demming, McDowell County. . 


Near Pioneer Mills mine, Cabar- 
rus County. 
Near Command! Cabarrus County. 





Remarks. 


at Te muscovite-biotite 
schist. 
In granite andquartzs2eseese ee 


Guilford County SP clear oa at Ischia se a Nene Es A ae Pe 


Allegheny County.............- 


A teHaskett’s, Macon: Countycc: ers se neecen ss oe miaaee eo ae eer 
West of the Blue Rid Oc emesmsalec sce seta each ae aie ae setectae scicie oat 


Oklahoma: 
Near Roosevelt, in Wichita 
Mountains. 
Oregon: 
Copper Creek, Eagle Moun- 
tains, Baker County. 
Nine miles from Huntington, 
down Snake River, Baker 


County. 
Glacier Park, Middle Eagle 
Creek. 


At Drum Lummon mines, in 
T.6S8., R. 44 E. 


ee ee i ee 


Se i i i i 


With copper minerals in center of 
vein 8 feet wide. 








Reference. 


Specimen in U. S. National Mu- 
seum. 

Genth, F. A., sagan of North 
Carolina 1891, p. 2 

Dana, E. g.,1 loc. Ai 


Hintze, Carl, Handbuch der Min- — 


eralogie, vol. 1, 1898, p. 417. 
Do. 


Do. 
Do. 


Be ee os Jour., 
904, p. 3 


Bull. University of Oregon, vol. 
1, No. 4, 1904, p. 100. 

Letter from rt A McKeever, 
Chicago, Ill., Mar. 28, 1914. 


vol. 77, 


Bull. University of Oregon, vol. 
4% No. 4, 1904, p. 100. 


Near Galice, Josephine: County si ee len accesscsen eesetennesse Min. Ind., vol. 16, ve 4D. 723, and 


Pennsylvania: 


Frankford, Philadelphia County| In gneiss, with feldspar, quartz, 


? 


GELMAaNLOWMN scecn nce cers cae 2s aee 
Chester, near Reading.......... 
Morton, Delaware County...... 
Avondale, Chester County....- 


Rhode Island: 
Copper Mine Hill, Cumberland. 


Near Sneech Pond, Cumber- 
land. 
South Carolina: 
In Haile gold mine, northeast 
of Kershaw, on Lynches 
Fite Sohne Lancaster County. 
exa, 


South of Bluffton, 
County. 


Llano 


Utah: 
Alta, Little Cottonwood dis- 
trict. 

In Peruvian Gulch, 1} miles 
west of Alta, Salt Lake 
County. 

Near Leareineton' Millard 
County. 

Vermont: 
AtYNEWDOLti eececeectee etree 
Lexington?) scevee one ease 


Notigiven Seo a etencden ee 


Washington: 


and biotite; also pegmatite; 
from Hoffman’s quarry, with 
granular quartz and diopside. 


From stone quarries............. 

With Miele ie quartz, and mus- 
covite. 

In Johnson’s quarry, with feld- 
spar, quartz, and biotite. 

Leiper’s quarry, with feldspar, 
quartz, and muscovite. 


In serpentine matrix with mala- 


chite. 
In manganese ore. ..............- 


With pyrite carrying gold........ 


In granite, with cyrtolite and fer- 
gusonite, with powellite. 


Wath quartz2.c escenario 


In siliceous gangue, with pyrite. . 


vol. 18, ‘1909, p. 531 


Specimens in Brush collection, 
Yale University, American 
Museum of Natural History, 
and U. S. National Museum; 
Trans. Am. Inst. Min. Eng., 
vol. 31, 1901, p. 443. 

Proc. of the Academy of Natural 
Science, 1887, p. 38. 

Specimen in U. 8. National Mu- 
seum. 

Do. 


Do. 


Specimen in American Museum 
of Natural History. 

U. S. Geol. Survey Bull. 585, 
1914, p. 165. 


U. 8S. Geol. Survey Bull. 293, 
1906, p. 81. 


Am. Jour. Sci., ser. 4, vol. 38, 
1914, p. 485; specimen in U. s. 
National Museum. 


Specimen in U. S. National Mu- 
seum, 

Specimens in collection of U. §. 
Geol. Survey. 


Flakesiin quartzasce= sess eens Mineral Resources, U.S., 1901, U. 


With-apatitessses snc enee cee meee 
With feldspar and quartz........ 


See‘pp.:79 $0. 8bi0. ss. es Aaya Bee ete et ee ea 


Wyoming: 
Albany: County -ij.0.e-ms aeteck 


S. Geol. Survey, 1902, p. 266. 


Dana, E. S., loc. cit. 
Specimen in U. §. National Mu- 
seum. 


With kaolinized eens and Do. 
molybdite. 
With quartz.c: 53... vensee. eeee Field Museum of Natural His- 
tory. 


Encampment; Carbon County. 11690 cous cea sa peste seice ee See eee 


Specimen in California Bureau of 
Mines Museum. 


The Illinois claim of Shoshone | Flakes in quartz................. Letter from Henry we 


Mountain Mining Co., Ki 
win. 


lr- 


Deadwood, S. Dak., Apr. 3, 
1914. 


DESCRIPTION OF DEPOSITS. 





State. 


Arizona: 


OORT) Deau LOD Zee ters eee. 6 Se | Neinaicinc ce mister tents taro Sacictaktes 


California: 
Potrero, San Diego County....- 


Lavis, San Bernardino County . 

iniyvo Count ye.ceck oases eho te © 

Mount St. 
County. 


Colorado: 
Ati Lead Villos*o0 5). oe see acne 


Helena, Napa 


Massachusetts: 
SOULNAMPLOMa sere senses eee 


At Loudville, in Manhan lead 
mines, Hampshire County. 


Montana: 
DCO PDs OLO;tl-sses seca sees e 
us Mexico: ee 
CODD al / LOM Sere ses See ie see 
Nevada: J 
Eureka District, Eureka 
County, in Eureka Consoli- 
dated and K. K. mines; on 
Ruby Hill. 


Tecoma, Elko County.........- 


On Comstock Lode, 
County. 

Redemption mine, Esmeralda 
County, 14 miles south of 
Hornsilver. 

4 miles east of Crescent, Clark 
County. 

Quartette mine, Searchlight, 
Clark County. 

Eldorado mine, Belmont, Nye 
County. 

New York: 
INGar Oil e sil Sean eae ae aoe 


Storey 


Pennsylvania: 
Phoenixville, Chester County. . 


Perkiomen, Montgomery 
County. 


Eaton mines, near Audubon, 
Montgomery County. 
Pequea mines, Lancaster 
County. 
South Dakota: 
Richmond mine, Black Hills. . 


Utah: 
At Alta in the Continental-Alta 
and City Rocks mines, Little 


Cottonwood district, Salt 
Lake County. 

Lucien district, Box Elder 
County. 


Remarks. 


In quartz, with malachite and 
chalcopyrite. 
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Occurrences of wulfenite in the United States. 


Reference. 


Specimen in California Bureau of 
Mines Museum. 


Gratin ae aert cle inte Be a ins Si Shc an Specimen in Museum of Yale 


niversity. 


ink MpPireqnine. smese.. 25s see | Dana, E.8., A system of miner- 


ology, 6th ed., 1911, p. 991. 


INTWC URI AW AL pea tna Sacre ee Oe Specimen in California Bureau of 
Mines Museum. 
In ferruginous limestone. ........ Specimen in Field Museum of 


With quartz and sometimes with 
pyromorphite. 


Sometimes hemimorphic crystals. 











With quartz, calcite, and limo- 
nite. Possibly of commercial 
importance. 


Withtvanadiniteavescsess ss. senee 
With crysocolla and cerussite. ... 


With vanadinite and pyromor- 
phite on crystalline limestone. 


With granite, pyromorphite, an- 


glesite, cerussite, quartz, and 
galena. 


With pyromorphite in quartz.... 


With quartz, cerussite, and limo- 
nite. : 


In limestone with lead ore. ..-..-. 


Wiaithtlimeston@esserce cece cece oe 


Natural History. 


Dana, E. §., loc. cit; specimens 
in Field Museum’ of Natural 
History, American Museum of 
Natural History, and Brush 
collection, Yale University. 

Dana, E. &S., op. cit., B 73, and - 
U. 8. Geol. Survey Bull. 585, 
1914, p. 97. 


Trans. Am. Inst. Min. Eng., vol. 
6, 1877-78, p. 559; U. S. Geol. 
Survey Bull. 585, 1914, p. 123; 
specimens in Brush Collection 
Yale University, U.S. National 
Museum, Colorado State Mu- 
seum, American Museum of 
Natural History, and in Field 
Museum of Natural History. 

Specimen in American Museum 
of Natural History and Mu- 
seum in California Bureau of 
Mines. 

Dana, E. &., op. cit., p. 990. 


U.S. Geol. Survey Bull. 585, 1914, 
p. 123. 


Do. 


Specimen in Harvard collection, 
Harvard University. 

Specimen in Brush collection, 
Yale University. 


Dana, E. S., op. cit., p. 991. 


Dana, E. S., loc. cit.; specimens 
in Brush collection, Yale Uni- 
versity; American Museum of 
Natural History, U. S. Na- 
tional Museum, and Field Mu- 
seum of Natural History. 

U. S. Geol. Survey Bull. 585, 
1914, 164; specimens in 
Brush collection, Yale Univer- 
sity, and in American Museum 
of Natural History. 

U. 8S. Geol. Survey Bull. 585, 
1914, p. 164. 

Do. 


Specimen in U. S. National Mu- 
seum. 


U. S. Geol. Survey Bull. 340, 
1907, pp. 239-240. 


Specimen in Field Museum of 
Natural History and Brush 
collection, Yale University. 
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State. Reference. 
Utah—Continued. 
in Tesomaly inno sy ose. oft - oe age Renneke ween eee ee eee Dana, E. 8., loc. cit.; speeinam 
° ae. in Brush collection, Yale Uni- 
versity. ‘ee 
In Harrington Hickory mine, Specimen in collection of U. i 
Beaver County. Geol. Survey. 


PART III. CONCENTRATION. 
IMPORTANCE OF SOTA GS NEE ERATION OF LOW-GRADE 


Successful concentration of the low-grade ores of molybdenum is 
the one factor on which the future of molybdenum mining depends 
more than on anything else. Outside of a small and irregular pro- 
duction of wulfenite concentrates, the molybdenum markets of the 
world have to date been supplied largely by a molybdenite product 
contaiming 50 to 90 per cent MoS, obtained by the primitive process 
of cobbing and hand picking high-grade ore. In a few instances hand 
picking has been supplemented by coarse crushing, preferably in rolls 
or some similar type of machine that tends to flatten the crystals or 
flakes of molybdenite, followed by screening to separate the coarser 
particles of molybdenite from the gangue. That such a method is 
extremely wasteful is self-evident, and probably in every instance 
where it has been employed more molybdenite has been thrown on 
the dump as waste than has been saved. But aside from the ineffi- 
ciency of the process, the known supply of rich ore on which it can © 
_ be applied with success, even at the present high price of the molyb- 
denite product, is so small as to promise a yield of only a few tons. 
Barring the discovery of extensive high-grade deposits of molybde- 
nite, the product obtained by cobbing, hand picking, and screening 
out the coarser flakes of the mineral will not yield a hundredth part 
of the tonnage of concentrates requisite to the proper development of 
the market. Neither will the few known commercial deposits of wul- 
fenite, which is easily concentrated, be able to supply the demand. 
Low-grade molybdenite ores, of which there are large deposits con- 
taining 1 to 3 per cent MoS,, must therefore be treated. 

As yet it has not been proven that any of the chemical or metal- 
lurgical processes so far used or proposed for extracting molybdenum 
are nearly as economical as mechahical processes of concentration 
when directly applied to low-grade molybdenite ores, particularly if 
the deposits are situated at a distance from railroad transportation. 
It appears, therefore, that the mechanical concentration of such ores, 
including a study of methods for the removal of deleterious elements, 
such as copper, from the concentrates is the chief problem to be con- 
sidered. The Bureau of Mines hopes by investigation of these ques- 
tions to obtain results that will point the way to the establishment 


_of a successful industry. a 
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In this report the question is necessarily taken up in a preliminary — 
way as the bureau has at present no equipment of its own for con- 
ducting concentration tests. However, a discussion of the more 
successful existing methods of concentration is attempted here, and is — 
supplemented by the results of a number of concentration tests of 
ores selected as representative of typical deposits. The tests de- 
scribed were made possible through -the kindness of various com- 
panies and individuals who placed the equipment of their testing 
laboratories at the author’s disposal. These tests were of necessity 
made on laboratory-size machines and on small lots of ore, and the 
results must be considered only as indicative of what may be expected 
from the treatment of commercial quantities of ore on machines of 
standard size. | 

With proper equipment at its command the bureau hopes to develop 
improved processes of concentration of these low-grade ores, the 
results of its work to appear in a succeeding report. 

Of the two commercial ores of molybdenum, namely, molybdenite 
and wulfenite ores, the first are not amenable to the ordinary processes 
of concentration by jigs, tables, vanners, slimers, etc., such as are © 
usually employed in treating ores of copper, lead, zinc, gold, and — 
silver, as the grains or flakes of molybdenite even when of considerable 
size float readily on water and therefore are lost if these methods are — 
employed. On the other hand, little difficulty is experienced in the — 
adaptation of the ordinary jig and table processes to .wulfenite ores, as 
they are readily wetted, and because of the high specific gravity (6.7 to 
7) of wulfenite it is much heavier than any of the gangue-forming 
constituents of most of its ores. On account of the wide difference in 
the character of molybdenite and of wulfenite ores and the necessity 
of subjecting them to entirely different processes of treatment, the 
concentration of each is considered separately. 


CONCENTRATION OF MOLYBDENITE ORES. 


Until recently, practically all the processes of concentration of 
molybdenite that have been attempted on a commercial scale.in the ° 
United States have been unqualified failures. A number of com- 
panies have erected mills and installed various rolling and screening 
processes, pneumatic separators, and wet concentrators similar to or 
adaptations of those usually employed in the treatment of lead, zinc, 
and copper ores. These mills have operated only a few weeks at the 
most, and, as far as the author knows, only one company produced 
more than a ton of marketable concentrates. In several instances, 
the processes were absolutely unsuited to the ores to which they were 
applied, and their unsuitability could have been conclusively shown — 
by a trial on an experimental scale. In other instances processes that 
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seemed to promise success from small-scale tests were failures on a 
_ commercial scale owing to difficulties in their practical application. 


Notwithstanding this record of continuous failures, and although 


the concentration of molybdenite ore has been considered one of the 
most difficult problems in ore dressing, there are methods of treat- 


ment that have been developed for some time that can be applied to 
many molybdenite ores with certainty of success. Before proceed- 


_ ing to describe these processes it may be well to state that there is no 


method suitable for the treatment of molybdenite ores in general, 
but that each particular ore usually involves its own individual con- 
centration problems; a method or combination of methods that might 


_ give highly satisfactory results with one ore might prove an unquali- 


fied failure with another. In describing each process the author will 


attempt to show to which particular type of ores it is adapted, and 
_ how some ores are best treated by a combination of processes. 


Methods of concentration that have been used with success with 


- molybdenite ores may be grouped under three general heads, as fol- 
lows: (1) Rolling and screening processes; (2) electrostatic methods; 


(3) flotation processes. Each of these is considered separately. 
ROLLING AND SCREENING PROCESSES. 


A considerable proportion of the molybdenite in some ores in which 
the mineral occurs as large flakes or crystal aggregates may be 


recovered by crushing the ore in rolls and then screening the crushed 


material. The success of the process depends entirely upon flatten- 
ing the molybdenite masses into flakes the maximum diameters of 


_ which are in excess of those of the particles of gangue material. Usu- 


ally before the ore is screened it is passed through a series of rolls 
to break the gangue into small particles. The material passing 
through the first screen is again crushed in rolls and screened, and the 
process repeated as many times as may appear to be advantageous. 

About 10 years ago the American Molybdenum Co., of Boston, 


- erected a mill at Cooper, Me., for the recovery of molybdenite by the 


process outlined above. Hess * comments on this plant as follows: 


The plant consisted of a 35-horsepower boiler and engine, a Sturtevant jaw crusher 


_ and roll, and four sets of special rolls, each 3 feet in diameter and 10 inches wide. The 


crusher was but a couple of feet above the floor, from which the material, crushed to 
about one-fourth inch square, was elevated to the Sturtevant roll, 18 inches in diam- 
eter by 4 inches wide, which reduced the ore to about one-eighth inch. It was then 


- elevated to a bin at the top of the building, from which it fell to a series of two special 


rolls, thence was elevated to a third special roll, and run through a 34-mesh screen. 
The molybdenite caught on the screen was delivered to a box at the end. The mate- 


rial going through the screen was carried by an elevator and screw conveyor to a fourth 


4 


~ 


roll, from which it fell onto a 40-mesh screen and from that to a 60-mesh screen. What 


a Hess, F. L., Some’ molybdenum deposits of Maine, Utah, and California: U. S. Geol. Survey Bull. 
340, 1907, p. 233. 
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went through the 60-mesh screen was elevated and sent to the tailings pile. Itisread- 
ily seen that the repeated elevations of the material meant a considerable waste of - 
power. The mill ran only six weeks, and is said to have made about a ton of concen- © 
trates, a portion of which seen by the writer was very clean. In the tailings some fine 
flakes of molybdenite were found, but the amount seemed small. Such a process, if — 
mechanically perfected, might work profitably on deposits where, as in this one, the — 
molybdenite flakes are comparatively broad, but would be wholly unsuited to deposits — 
like many of those in Colorado and elsewhere, in which the individual flakes are of — 
almost microscopic size. 


Modifications of the rolling and screening process have been em-_ 
ployed at other molybdenite mines both in this country and in Aus- — 
tralia. All of them have proved inefficient, and in most instances © 
where they have been used as the sole method of recovery more of 
the mineral has been thrown on the waste dump than has been — 
saved. In the author’s opinion, rolling and screening are of value — 
only as preliminary treatment to remove the coarser and heavier 
masses of molybdenite from ores in which the mineral occurs in © 
fairly large aggregates. The application of such treatment to this — 
type of ore may be desirable in a few instances, as it saves a con- | 
siderable part of the molybdenite in coarse form, thereby doing away — 
with losses that would inevitably occur if the large pieces were — 
broken up. How far rolling and screening should -be continued 
depends, of course, on the nature of the ore and on what process of 
treatment is to follow. In general, however, screening to recover a 
concentrate should not proceed beyond the point where the succeed- 
ing process will begin to handle the material efficiently. Ores con-— 
taining mica are of course unsuited to this method. 


eT ee 


ELECTROSTATIC PROCESSES. 


PRINCIPLES OF SEPARATION. 


- 


Molybdenite, in common with many other minerals, such as chal- — 
copyrite, pyrite, pyrrhotite, and galena, is a good conductor of elec- — 
tricity as compared with quartz, feldspar, and most other silicates, — 
calcite, etc., which are poor conductors. Hence it may be separated — 
from a majority of the gangue minerals with which it occurs by ~ 
electrostatic processes. The principle on which these processes are — 
based is that two bodies charged with electricity of similar sign repel — 
each other, but when charged with electricity of opposite signs they — 
attract each other. When minerals that are good conductors of — 
electricity come in contact with a charged body or-an electrical field, — 
they almost instantly attain an electrical equilibrium with that body — 
or field and are repelled, whereas as regards poor conductors the — 
time necessary for equilibrium to be reached is so appreciable that — 
if the contact is of short duration the repelling force is negligible. 
Further, if the mixture of two minerals that are good and poor con- — 
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_ductors—for example, molybdenite and quartz—is charged to a high” 
‘potential with electricity of one sign and placed in contact with a 


body charged with electricity of opposite sign, the mineral that is a 
good conductor (molybdenite) almost instantly assumes the charge 


of the body with which it is in contact, and is repelled. On the other 


hand, the mineral that is a poor conductor (quartz) is only slowly 
affected and retains its own charge of opposite sign for an apprecia- 
ble length of time, and in consequence is attracted to the body with 


which it is in contact. 


RANGE OF APPLICATION. 


Theoretically a separation can be effected between any two min- 


erals that differ in degree of conductivity, regardless of whether they 
‘are good or poor conductors, but in commercial work it has been 
‘impossible to make a separation of good conductors, as there is prac- 
tically no difference in the time required for them to reach an elec- 
‘trical equilibrium. Therefore, although molybdenite may be sepa- 


rated from quartz, limestone, porphyry, granite, etc., it can not be 


‘separated electrostatically from chalcopyrite, pyrite, pyrrhotite, ete. 
The table following lists the more common minerals and rocks with 
which molybdenite occurs and shows whether they are good or poor 


‘conductors of electricity. In other words, the table indicates whether 
the mineral mentioned can or can not be separated from molybdenite 


by electrostatic means. However, it does this in only a general 
‘way, as many minerals of varying composition, such as garnet and’ 


-sphalerite, are sometimes conductors and sometimes nonconductors. 





> 


: 
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‘Accordingly it is unsafe to predict just what separations may be 
effected, and the suitability of electrostatic processes for the treat- 
ment of any molybdenite ore can be positively ascertained only by 


actual tests. 


Minerals and rocks associated with molybdenite, showing whether they are good or poor 


conductors of electricity. 


Good conductors. Poor conductors. 
_Chalcopyrite. Quartz. 
Bornite. Feldspar. 
Chalcocite. Granite. 
Most other copper minerals. Quartzite. 
Pyrite. Porphyry. 
Pyrrhotite. . Garnet. 
Magnetite. Most silicates. 
Most other iron minerals. Calcite. 
Galena. Limestone. 
Hornblende. Sphalerite. 
Garnet.@ 


Sphalerite.¢ 








a Some varieties are good conductors; others are poor conductors. 
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For the successful application of electrostatic methods to the con-— 
centration of molybdenite the ore must be one in which the indi- 
vidual particles of molybdenite are of fair size and in which the 
gangue and other principal associated minerals are nonconductors. 
Ores in which the molybdenite is extremely fine to almost amorphous ~ 
requires fine crushing to free the individual grains from the gangue, — 
Such crushing is not desirable, as it makes dust that usually inter- 
feres with the separation and also lowers the capacity of the sep-— 
arators. Thus, the best results are obtained from the treatment of — i 
coarse ey PL so that the ores that are best suited for electrostatic — 
separation are those in which the particles of molybdenite are flaky © 
and of good size, and in which the gangue is clean quartz, granite, ete. 

The main requisite in the treatment of the ore is that it be per- 
fectly dry and warm. The necessity of removing all moisture 
can not be emphasized too strongly, as its presence, even in small : 
quantities, in quartz, feldspar, etc., make these minerals conductors. — 
Ore as coarse as 6-mesh and as tie as 200-mesh may be treated suc- 
cessfully; but, as already stated, the best results are usually ob- 
tained with coarse material. Close sizing of the ore is generally — 
unnecessary, but it is apt to improve results, especially in the treat-_ 
ment of coarse material. Dust in the ore should be removed by a 
blower or other device before the ore is treated. 


¥ 
¢ 
‘3 
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i 
DESCRIPTION OF SEPARATORS. F 


The electrostatic separators used in this country are of two main — 
types. One of them consists essentially of a series of metal rods — 
or electrodes charged to a high potential and placed one above the } 
other in an insulated frame. On the top of this frame is a hopper 
from which the ore is fed by a revolving roll. The ore falls from the ~ 
roll against the first electrode, and’ good conductors that come in 
contact with it are repelled. The residue is thrown against the second j 
electrode by means of a deflector, and more mineral particles that ; 
are good conductors are thrown out. The operation is repeated any 
number of times desired simply by increasing the number of charged : 
rods or SIEGE st Generally a standard separating unit of this type 


ate 


) 


consists of a ‘‘rougher” and two ‘‘cleaners,”’ each having six elec-- } 
trodes. The cleaners are placed back to back and the rougher is” 
placed above them in such a manner that the concentrates from the 
rougher fall against the first electrode of one cleaner, and the alg 
ings against the first electrode of the other cleaner. i this way them 

rough foment des and tailings are re-treated separately. With thelt i 
exception of the feed roll there is no moving part in the unit, and, ~ 
consequently, its operation is extremely simple, and the cost off 
upkeep negligible. High-voltage electricity for charging the elec-_ 
trodes is supplied by stepping up current of ordinary voltage by | 
. a 
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: means of a rotary transformer. Thus the operation of the separator — 
_ is independent of weather conditions, which so noticeably affect the 
_ operation of electrostatic generators. 

The other type of separator has a revolving metal electrode onto 
which ore is fed. Opposite and adjacent to it is another electrode 
consisting of a row of sharp metal points. The first electrode is 
- grounded, and the second is connected to one pole of an electrostatic 
_ generator, the other pole of which is grounded. The electricity 
delivered to the pointed electrode is discharged by convection to the 
erounded electrode and is dissipated as fast as received. The revo- 
lution of the grounded electrode carries the mineral particles through 
the convective discharge and results in their receiving a charge. 
~ Good conductors immediately lose this charge to the grounded elec- 
trode on which they rest; consequently they are neither attracted 
nor repelled by the electrode but simply fall off of it as it revolves. 
| On the other hand, mineral particles that are poor conductors accu- 
" mulate a charge on their surfaces nearest the pointed electrode, and 
on account of their nonconducting character they are polarized and 
are caused to adhere to the revolving electrode. These particles are 
_ brushed off the back of the electrode by a felt roller. 

_ Three of the separating units described above are generally com- 
' bined in one machine for commercial work in such a manner as to 
_ provide for three successive treatments of the mineral particles that 
are good conductors. In the separation of molybdenite and quartz, 


__ for example, a rough concentrate would be made on the first unit and 


it would be further cleaned on the second and third units. 

This type of separator is open to the objection that it is dependent 
on electrostatic generators for its supply of electricity, and in moist 
climates or wet weather these give much trouble in their operation. 


CONCENTRATION TESTS. 


The tests described below were made on molybdenite ore submitted 
by the Santa Maria Molybdenum Mining & Milling Co., of San Diego, 

Cal. The ore, which was said to be a representative sample from this 
company’s property 40 miles east of that city, was an iron-stained 
eranite containing about 0.5 per cent of molybdenite and a small 
quantity of pyrite. The molybdenite occurred in radiating masses 
from the size of a pea to an inch or more in diameter. Microscopic 
examination showed that the granite was composed of quartz, ortho- 
clase, plagioclase varying from albite to oligoclase, biotite, and a 
few minor accessory minerals. This ore was selected for fhe tests 
as in a general way it was typical of ores from a large number of 
deposits. 


> ——_ | = 
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On account of the low grade of the ore it would be necessary to 
hand pick it in a commercial operation, and therefore, previous to 
crushing for electrostatic separation, a hand-picking test. was made 
of the sample submitted. The results of this test are given in the 
following table: 


Results of hand picking molybdenite ore from the Santa Maria Molybdenum Mining & 
Milling Co.’s property, 40 miles east of San Diego, Cal. 





Original Sorted 


Item, ae ad Reject. 
Weight, pounds. ....:..... 313. 62 115. 62 198. 00 
Per cent MoSe. 2-2. .cce5. a, 47-+- tes 08 
Weight MoSse, pounds...... 1. 488 1. 330 - 158 
Extraction MoSs, per cent.|............ Oc OOha see aon 
Loss’ MoSe, Der cent.viy caer de a ae 10. 62 


a Calculated. 


The lot of ore, which weighed approximately 313 pounds, was 
cobbed down to pieces 2 inches in maximum diameter, and hand 
picked. One hundred and ninety-eight pounds of the material was 
discarded and the remaining 115 pounds of selected ore was crushed 
in a laboratory-size jaw crusher to pass a 10-mesh screen. The dis- 
carded ore was also crushed through a 10-mesh screen, and both 
products were sampled and assayed. They contained 1.15 and 0.08 
per cent MoS,. The ratio of concentration obtained was approxi- 
mately 1 to 3, and the loss of molybdenite in the discarded materia] 
about 10 per cent. ; 

For the electrostatic tests the hand-picked ore, which had been 
crushed through a 10-mesh screen, was screened into three sizes— 
through i0-mesh on-20-mesh, through 20-mesh on 60-mesh, and 
through 60-mesh. The coarser size was treated on a Sutton, Steele 
& Steele type of concentrator andthe two finer sizes on a concen- 
trator of the Huff type. The results of these tests are given in the 
following table: 


Results of electrostatic-concentration tests of hand-picked molybdenite ore Jrom the 
Santa Maria Molybdenum Mining & Milling Co.’s property, 40 miles east of 
San Diego, Cal. . 


THROUGH 10-MESH ON 20-MESH SUTTON, STEELE & STEELE TYPE CONCENTRATOR, © 


a 








Concen- waa eo 8 
Item. Ore, at a Middlings.| Tailings. | 
j 
a Sa ee 
Weight pounds. 4 i. etre Pete Sanaa eee 30. 35 OFS Abe ssa ee | 
Per cont. MoGers c.f at sep eae Cae a1.58 StL Oa eae eae ; 
Weight MoSe, pounds: ,cn0 puis aay cea ene et - 481 SO Pee ee 
Extraction MoS», POF CORE): ave neta roan ce reas awe A a See 86.90 ih. cst: ee Wack aae ee oe meee 


Loss’ Mo8s, per cont:s2.. 5. Teach tas tev eee nyc ewe ae a Ee Sa 


a Calculated. 
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- Results ge electrostatic-concentration tests of hand-picked molybdenite ore from the 


Santa_ Maria Molybdenum Mining & Milling Co.’s property, 40 miles east of 
' San Diego, Cal.—Continued. ee, 


THROUGH 20-MESH ON 60-MESH HUFF TYPE CONCENTRATOR, 





C = 3 ‘ ae 
Ttem. Ore. trates. | Middlings. | Tailings. 
VCE SOUS © ee. oh TUN. oe ree, So, Eee he 41. 49 0. 52 0.10 ~ 40. 87 
OR CCNGE NID T. win n Why ny coe Up cad an ase nes ce eee hg a1.26+ 76. 66 41. 87 . 20 
IW GigiGeMOSe. POUNS 22 ay. soe soc ae sa oSecsokue see ce AVE: . 399 . 042 . 082 
Extraction MoSs, PORICOU Ress heater ee tee ea irs cee one eel a 76. 29 8.03: ince eee ee 
PHOSGENEG Dem DOICOL beter tre tc, Teerm, testo a SEEN ame eerie 2 omer Fe ae a Pa sate Pure ee! 15. 68 














MOOIRET  DOMINES 2 Set 2 ccc BU i Es we le Cine = Sets SE 37.18 0. 36 0. 45 36. 37 
ON MODs Sore Aw ries ews td ak ins oe Fete ae Rete @,94+ 46. 78 23. 63 21 
Pd Gand or DOOUINOS ont Sale eee a aay oni . 350 . 168 . 106 . 076 
Extraction MoS», Percent eh ser sae etc Ee N= see [eaters cee ale 48. 00 30229" [tate cee een 
PpeeeEne ea WOCEICONG. cots Jan vars Battie te tech Senco te bent tS oes hee ha nao a eos 21.71. 

SUMMARY. 
Paral Weipuu. DOUNGS 26 ha fee lot cs sete ce eens 109. 02 1. 36 0. 55 107. 11 
manauweicht MoS. pontids .2 09 5c de-s.k su ae oe dase 1. 354 - 985 . 148 . 221 
SRS MOS eds eed ecb oiaa aise eats Be aol etait. 41.244 | @72, 42+ a 26. 90+ @ 20+ 
PRR EAC TaCNt 0 Oty, PON COM. . 22 oas cents oho Seas es posi | sess ee ~'s 72. 75 PL955" tase Romns seer 
Hear Mi Oma DOr COlt as eines, Prete acckoae Soot aS ws EE pei hae fae el be RC tae Se a ce er 16. 32 





a Calculated. 


It will be noted that with the coarser material a concentrate con- 
taining 87.17 per cent MoS, was made, and that the recovery in these 
concentrates was 86.9 per cent. The concentrates from the next size 
contained 76.66 per cent MoS,, and accounted for 76.29 per cent of 
the molybdenite in the feed. However, a middling product contain- 
ing 41.87 per cent MoS, was made, which increased the total extrac- 
tion on this size of material to 84.32 per cent. The fine ore yielded 
concentrates and middlings that assayed 46.78 per cent and 23.63 
per cent MoS,, and accounted for an extraction of 78.29 per cent. 
It will be noted that the best work was done on the coarse material, 
both as regards recovery and grade of concentrates. 

A summation of the three tests shows that the average grade of the 
products made was as follows: Concentrates, 72.42 per cent; mid- 
dlings, 26.9 per cent; and tailings, 0.20 per cent MoS,. The total 
recovery on the concentrates and middlings was 83.68 per cent. The 
results obtained were satisfactory when it is considered that the ore 
treated contained pyrite, which of necessity was concentrated with 
the molybdenite. 


SUGGESTED METHOD FOR TREATMENT OF A TYPICAL ORE. 


For ores of the samegeneral type as that mentioned above—that is, 
ores in which the individual particles of molybdenite are flaky and 
of fair size and the gangue is clean quartz, granite, or other non- 


a “ : ¢ 
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conductor—the following general outline of the proper method of — 


treatment is suggested: 
The original ore, or selected ore, if hand picking is advisable, 


should be crushed in a jaw or gyratory crusher to about one-half — 


inch to 1-inch size and the product crushed im rolls to pass a 6-mesh 


screen. This material should then be treated in a direct-heat rotary — 
drier until all moisture has been removed, and screened to sizes ap- ~ 


proximately as follows: Through 6-mesh on 12-mesh; through 12-mesh 


on 20-mesh; through 20-mesh on 40 or 60 mesh; through 40 or 7 
60 mesh. If much dust is present in the finest size of mate- — 


rial, its removal with some sort of blower or other device previous 


to electrostatic treatment will probably be advantageous. Hach — 


size of the dried material should be treated separately on whatever 


type of electrostatic concentrator has been selected. The best % 
method of operating these separators depends, of course, on their — 


type, and also on the character of the ore being treated. In the 


author’s opinion it is generally advantageous to operate the con- — 


centrators so as to obtain as clean tailings as possible. In this way ~ 


the bulk of the material is eliminated at once, and the re-treatment 
of the concentrates and of the middling product takes much less time 
than that required in re-treating the original tailings. This method 
of operation will generally yield a better grade of concentrates and a 
higher recovery than any other. Also, the grading of the concen- 
trates and middlings so as to obtain the best prices for the combined 


products can be more readily accomplished by this method. In — 


some instances the middling products from the treatment of the — 


coarser sizes of ore consist largely of particles of gangue with included ~ 
grains of molybdenite. Under such conditions, the middlings © 


should be crushed, sized, and re-treated. 


To the author’s knowledge, there are no plants that are treating ~ 


molybdenite ore commercially by electrostatic methods; hence, 


figures as to costs of operation are unavailable. It seems reasonable ~ 


to infer, however, that they would be only slightly different from 
those for treating zinc or other ores to which electrostatic methods 
have been successfully applied. The costs of drying and separating 
zinc-iron concentrates by electrostatic methods, including only 
operating costs, do not usually exceed $1 per ton of material treated; 


and the total costs, including operation, royalty, taxes, and all other — 


- overhead expenses, such as interest on investment and amortization 
charges, usually range from $2.50 to $3.50 per ton. The costs of 


treating molybdenite ore would probably be slightly in excess of — 
these figures, as the capacity of the separators would, no doubt, be ~ 


less than when operating on zinc-iron concentrates, where the weight 


of concentrates and tailings produced is more nearly equal than it — 
would be with the usual molybdenite ores. Drying of the molyb- — 
denite ore would probably cost 10 to 20 cents per ton, depending on E 
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: the size and type of drier used, the cost of fuel and labor, and the 
_ percentage of moisture in the ore. 


If the electrostatic separators were so arranged that the products 


| could be taken care of automatically, one man could tend 8 to 10 
_ concentrators. The other labor required for operating a mill capable 


of treating 50 tons of crude ore per day would probably not exceed 


four or five men per shift, and no high-priced labor would need to be 
employed on account of the simplicity of the process. 


The author is confident that electrostatic processes will yield good 


results with all molybdenite ores to which they are suited and to 
_ which they are intelligently applied, and they are of particular value 


for treating ore that can not be treated by flotation methods on 


— account of the absence of requisite water supplies. 


FLOTATION PROCESSES. 


Molybdenite has the property, common in varying degree to most 


metallic sulphides, such as chalcopyrite, sphalerite, galena, pyrite, and 


- pyrrhotite, of not being wetted readily by water, and, when dry and 


in small particles, of floating on a water surface. Moreover, like 


_ those sulphides, it is easily wetted by most oils. Further, in a pulp 


of crushed ore and water, oils have a preferential wetting action for 
particles of molybdenite as against particles of gangue minerals such 


_ as quartz, and this selective wetting action is decidedly increased if 
_ the water is slightly acidified. Particles of molybdenite so wetted 


with oil are covered with a buoyant water-repelling coating that 


- materially assists their flotation. As the reasons for many of these 


phenomena—for example, the selective wetting action of oils and the 
increase of this selective action by acids—are not clearly understood, 
and as even an elementary discussion of the accepted theories of 
mineral flotation would be out of place here, the reader who wishes 
further information on the subject is referred to a clear and concise 
exposition by Hoover® and to an excellent paper by Mickle.’ It 


- suffices here to say that the phenomena mentioned above are the 


basis on which all flotation processes depend. In many processes 


~ the area of the effective surface of flotation is increased by the liber- 


ation of bubbles of gas or air in the liquid, the surface of each bubble 
acting in the same way as the horizontal surface of a liquid at rest. 


_ These bubbles may be of air and may be produced by violent agita- 


tion of the pulp or by release of air from solution in the liquid by a 
reduction of pressure, or they may be of carbonic-acid gas formed 
by the action of sulphuric acid on limestone or other carbonates or 
by other means. 
a Hoover, T. J., Concentrating ores by flotation, 1912, 221 pp. 


b Mickle, K. A., Flotation of minerals: Proc. Royal Soc. Victoria, vol. 23, pt. 2, 1911, pp. 555-585, 
abstracted by Eng. and Min. Jour., vol. 92, 1911, pp. 307-310, and vol. 94, 1912, pp. 71-76. 
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WATER-FLOTATION PROCESSES. 


CHARACTER OF WATER FLOTATION. 


Water flotation for the concentration of molybdenite depends : 


solely on the fact that small dry particles of the mineral float rend 
on water, whereas the usual gangue material is easily wetted and — 
sinks. They do not of necessity involve the use of oil, acid, or gas, 
and their application is extremely simple. The concentrators, which — 


are of various types, consist essentially of a device for feeding the ~ 


crushed ore in as thin a sheet and at as uniform a rate as possible 


onto a moving water surface in a tank and an arrangement, either 


by an overflow or a revolving belt of canvas or other suitable material, 
for discharging the floating film of concentrates into another tank. 


The tailings are usually drawn off from a spigot in the bottem of the — 
first tank. In some types of apparatus the ore from the feeder is — 


allowed to slide down an inclined plane or concave, over which a film 
of water is passed and from which the ore is discharged approxi- 
mately in the plane of the water surface in the tank. In other appa- 
ratus the ore from the feeder falls on top of an almost submerged 


corrugated or canvas roller, the revolution of which carries the ore 


forward to the flotation surface. The object of all these devices is 
to place the ore on the water in a sheet only one mineral particle in 
depth with as little disturbance of the water surface as possible and 
with the majority of the particles of gangue already wetted. 

Even with the best of feeding devices some particles of gangue fall 
on the floating film of concentrates or are otherwise mechanically 


entrained by it. Various methods of cleaning the film, such as. 


allowing it to flow down an incline into a second tank, picking it up 


on a roller or belt and again discharging it to a flotation surface and — | 
dividing it into a large number of parts and agitating it by causing © 


it to flow through the teeth of a comblike obstruction, are used. 


No description of any particular water-flotation concentrator is — 
attempted here, as detailed information both as to the design and 
the operation of a number of different types of machines is given in ~ 


the references cited below. 


NECESSARY FACTORS IN SUCCESSFUL WATER FLOTATION, 


To be concentrated successfully by water flotation, a molybdenite — 
ore should be such as to require only medium-fine crushing to liberate _ 
the molybdenite, and the gangue should be one in which the individual — 
particles are readily wetted. Further, if a high-grade concentrate — 


is to be obtained the ore must be practically free from other sulphides 





@ Wood, H. E., The Wood flotation process: Trans. Am. Inst. Min. Eng., vol. 44, 1912, pp. 684-701; 


Concentration of molybdenite ores: Eng. and Min. Jour., vol. 93, 1912, pp. 227-228. 
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such as pyrite, pyrrhotite, and chalcopyrite, which would be con- 
-centrated with the molybdenite. Proper treatment of the ore 


previous to flotation is of great importance. It should be reduced to 
approximately 10-mesh, or as much finer as may be necessary to 
liberate the mineral fon the gangue, by crushing in rolls in such a 
manner as to make the quantity of fines as small as possible. Then 
if it is at all damp it should be thoroughly dried. Mechanical diffi- 
culties in the proper feeding of fine ore, and the great reduction in 
the capacity of the concentrators when fine material is treated exclu- 
sively, render advantageous in most instances the treating of the 
ore without sizing, although the capacity of the concentrators and 
the grade of concentrates made are considerably increased when 


- coarse material that has been sized is treated. 


The capacity of water-flotation machines varies with their type 
and with the character of the ore treated, and depends directly on the 
size to which the ore is crushed, the amount of fines made, the nature 
of the gangue, and the ratio of concentrates to tailings. In speaking 
of a particular type of concentrator, Wood % says: 


A standard machine treating a 20-mesh quartz ore, using a 3-foot width of feed and 
having a 4-foot take-off belt, will vary in capacity from 1,000 to 2,000 pounds per 


hour, unless the ratio of concentration is low, in which case the capacity will be 


smaller. Some ores that possess an easily wetted gangue and call for a high con- 
centration ratio can be fed rapidly at 20-mesh, 30-mesh, or 40-mesh. For instance, 
a 1 or 2 per cent molybdenite ore in a quartz gangue will give a clean concentrate, 
even if the ore is fed several times faster than an ordinary sulphide ore. 

The writer thinks that the capacities stated above could be had 
only at a sacrifice of either the recovery or the grade of concenirates 
obtained, and that a machine with a feed 3 feet wide, handling 300 
to 500 pounds per hour of ore crushed to pass a 20-mesh screen would 
be treating about the maximum quantity of material that it could 
separate efficiently. No figures as to cost of operation can be given, 
but they are presumably small as the concentrators require only 
moderate quantities of water and little power. 


RESULTS OF TESTS WITH WOOD’S PROCESS. 


The accompanying table shows the results obtained by Wood in 
10 concentration tests of five different molybdenite ores. In every 
test except the last, in which the ore had been slightly roasted, the 
recoveries were good, averaging nearly 90 per cent. In general, 
however, the grade of concentrates was low to medium, averaging 


less than 60 per cent Mos,. Test No. 3 is of special interest as it 


shows the results obtained by flotation of the same ore on water at 


5 different temperatures. The decided improvement in the grade of 


a Wood, H. E., The Wood flotation process: Trans. Am. Inst. Min. Eng., vol. 44, 1912, p. 693. 
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concentrates by using warm water may be attributed to the decreased 


surface tension of the liquid allowing some particles of gangue to— ; 


sink more readily. The recovery with warm water is, however, 
remarkable and can be accounted for only by some factor, such as 
a difference in the rate of feed, that would make the tests not strictly 
comparable. Detailed information as to the tests is given by 


Wood. A summary of the data obtained by Wood is given in a — 


table which is presented below: 


Results of concentration tests of molybdenite ores by Wood flotation process. 


Per cent MoSs. 


Tes ; Recoy- 
Ae Size of feed. ery, per Remarks. 
: Tn foed In con- cent. 
* jeentrates. 
1 | Through 40-mesh. . 2.08 | 41.38 99.00 Colorado ore. Retreatment would materially 
es the grade of concentrates with little 
Oss. 
2 | Through 20-mesh. . 2.00) 1361555 92. 27 Alaskan ore. 
2a Ee asc is = eeSeene 1.87 | 45.31 (a) | 79.08 (a) | Canadian ore with a quartz and mica gangue. 
56.70 (b) | 89.17 (6) (a) was obtained with water at 56° F. and 
(b) with water at 110° F. 
4 | Through 20-mesh.. 6.66 | 63.50 96. 34 Foreign ore. 
: Through 30-mesh. . 6.73 | 67.42 86. 26 
Through 40-mesh. . 6.66 | 65.50 86. 48 
Through 40-mesh. . 8.95 | 74.60 94.19 
5 | Through 40-mesh. . 8.65 | 30.00(a) | 79.00(a) | Alaskan ore containing pyrrhotite and mag- 


81. 45 (6) | 26.30 (b) netite, and low in silica. (a) was obtained 
with raw ore,and (b) withslightly roasted ore. 








In order to obtain data as to concentration of a molybdenite ore 
containing copper sulphides by this process a small-scale test was 
made of a sample of ore from the Whale claim, in Copper Canyon, 
near Copperville, Ariz. The ore consisted of a clean white quartz 
containing about 7 per cent of molybdenite and 2 per cent of copper, 
present largely as chalcopyrite.? 

After the ore had been dried and then crushed in a ball mill to pass 
a 40-mesh scréen, it was concentrated on a laboratory-size flota- 
tion machine of the Wood type. The concentrator was so arranged 
that the floating film of concentrates picked up by the take-off belt 
was discharged to a second flotation surface from which it was allowed 
to run into a concentrate tank. The material that sank in the second 
flotation tank was considered middlings. The ore and water feeds 
to the machine were adjusted with the idea of causing as much chal- 
copyrite as possible to sink. The results of the test are given in the 
accompanying table. 





@ Wood, H. E., The Wood flotation process: Trans. Am. Inst. Min. Eng., vol. 44, 1912, pp. 684-701. 
b For a detailed description of this ore see p. 52. 
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__ Results of water-flotation test with concentrator of ‘the Wood type of molybdenite-chalcopy- 
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rite ore from the Whale claim, near Copperville, Ariz. 





Concen- Ae pee hi, 
Item. Ore. eee Middlings. | Tailings. 
Mea INT OTANI Sor wrctace toe. anie Seis Sale lsiam & Sarclsnin SE aveiei weep 4,000. 00 538. 00 107.00 | 43,355.00 
eBCON GMO Gate eal a ee ae ae eel De ise e ee b7.10+ 47.44 6.74 65 
BORING oa cials Sale a sain airnja Sets Pema Seek Pe rules gaee an = b1.93+ 5. 26 5.90 ik By 
BMOIEN GrMOSa;, STAINS cess ec ne = Pee =. Soe fae eels ese atoe 284. 25 255. 23 (zal 21.81 
Ra EPG EY OVAINIS | oc taamcsatha St dei sic rene ah aies oe 77.22 28.30 6.31 42.61 
Be rAcCMOuuMlOpa Der CON tes emi ss. eee s eon Soe bee esa 89.79 2.54) (Son Sees 
Ber ArEtIOL OU Or. CONES. e agitisy ooo sas + ee dae Aes Suhte ees eas , 36. 65 8:17 linge eee 
eee na sae DCY CON UE e ace sem Sf ted 'eny MOR oracle waa Pee eee coc. enh y eek neds ee| lode pectin es 7.67 
(GE SENG ST Si a MR Sar ae YR Tyco yhoo ee a ee a eee ge ee 55.18 





a 467 grams of material lost in the overflow was assumed to assay the same as the 2,888 grams of tailings 
Bs Caicalated. 

The great difference between the percentage of recovery of molyb- 
denite and of chalcopyrite is of particular interest. As compared 
with the feed, the concentrates contained approximately seven times 
the percentage of MoS, and less than three times the percentage of 
copper, and the recovery in the concentrates was 89.79 per cent of 
the molybdenite, as compared with only 36.65 per cent of the copper. 
Inasmuch as the crushed ore had stood only a short time before treat- 


ment, so that the particles of chalcopyrite had little opportunity to 


oxidize, which would. cause them to be more readily wetted, the 
author considers the widely different results obtained in the con- 
centration of the two minerals to be remarkable. 

It is of interest to note that a water-flotation process for the con- 
centration of molybdenite ore is being used at present on a com- 
mercial scale by Henry E. Wood & Co., of Denver, Colo. 

Methods of treating both the original ore and the concentrates 
to remove pyrite, chalcopyrite, pyrrhotite, and other metallic sul- 
phides and_such ingredients as mica that are likely to float with the 
molybdenite are discussed later. 


OIL-FLOTATION PROCESSES. 


Many of the principal processes of concentration by oii flotation 
are described in detail hy Hoover? and in numerous articles that 
have recently appeared in the mining press. Published data giving 
the results obtained by the application of these processes to molyb- 
denite ores are extremely meager, and are practically confined to the 
results of treatment by the Elmore vacuum flotation system. As 
the Bureau of Mines at present has no equipment at its disposal for 


- conducting tests of the various flotation processes, the concentration 


of molybdenite by these methods must, of necessity, be discussed 
here in only a general way. 


a Hoover, T. J., Concentrating ores by flotation, 1912, 221-pp. 
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Broadly speaking, oil flotation probably offers the best method of | 


treating molybdenite ores in general, and those particular processes 
that have been successfully applied in concentrating ores of the other _ 


metallic sulphides would, without doubt, meet with equal success in 
the treatment of molybdenite. The above statement does not mean — 
that all molybdenite ores can be successfully concentrated by ou 
flotation, for the physical characteristics and mineralogical compo- 
sition of an ore are as important factors in determining the success of 
any oil-flotation process as of electrostatic or water-flotation methods. 


The ores best suited for treatment by oil flotation are those in which — 
the molybdenite is flaky. From ores in which the mineral is so fine _ 


as to be almost amorphous and the gangue contains a considerable 
proportion of soft material, such as kaolinized feldspar, it is almost — 


impossible to obtain a good grade of concentrates because of the flota- 
tion of some of the finer particles of gangue. Of course, if molyb- — 


denite is associated with other metallic sulphides, such as chalcopy- 
rite, pyrite, or pyrthotite, these are concentrated too, and must 
either be removed from the ore, by a preliminary treatment, or from 
the concentrate if a high-grade product is desired. Methods that 
may be employed for this purpose are discussed later. Ores con- 
taining magnetite, hematite, garnet, hornblende, or similar gangue 
nunerals that are good conductors of electricity; and therefore are 
- not adapted for concentration by electrostatic methods, are especially 
suited’ for treatment by flotation. 

Laboratory experiments indicate that in general the particles of 
molybdenite that can be floated are much coarser than those of other 
metallic sulphides, and if finer crushing is not necessary for the 
liberation of the molybdenite from the gangue, material as coarse as 


20 mesh may be successfully concentrated. On the other hand, there ¥ 
is every reason to believe that a good recovery and a fair grade of ~ 
concentrates can be obtained from the treatment of molybdenite — 
through 200 mesh because galena and sphalerite of similar fineness 
have been successfully treated by oil flotation. In general, there- 


fore, oil-flotation processes are applicable to a wider range of sizes 
than are electrostatic or water-flotation methods, and many of them ~ 
have the added advantage of large capacities from small units. For — 


example, Hoover estimates that in one type of apparatus used in the 
muinerals-separation process a unit consisting of six mixing boxes each 
only 16 inches wide and 36 inches deep will have a daily capacity of 


50 to 60 tons of ore,* presumably Broken Hill lead-zinc tailings, and — 
a 5-foot Elmore machine will ordinarily treat from 25 to 45 tons of — 


crude ore in 24 hours.® Capacities equal to and perhaps even greater 


than these could probably be obtained in the treatment of molyb- 
denite ores by the same units, but no definite data either as to capaci- 


a Hoover, T. J., Concentrating ores by flotation, 1912, p. 120. b Hoover, T. J., op. cit., p. 101. 
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ties or as to costs of any oil-flotation process when applied to molyb- 
denite ore have, to the author’s knowledge, been made public. In 
fact, owing to the policy of secrecy adopted by most companies 
interested in the development of oil-flotation methods, little infor- 
“mation is available regarding the economics of the various processes, 
even as more commonly applied to the concentration of the sulphides 
_of copper, lead, and zinc. However, comprehensive data with regard 
to the costs of treating Broken Hill lead-zine tailings by four well- 
_known processes, namely, the Potter-Delprat, De Bavay, Elmore, 
-and minerals separation, are given by Hoover.“ His estimates of 
3s. 6d. ($0.85) per ton as the average cost of flotation and. 9s. 3d. 
_ ($2.25) per ton as the average total cost of re-treating these tailings 
on a large scale form a poor basis on which to estimate the cost of 
treating molybdenite ores by the same processes in small plants such 
~as might be installed at mines producing 50 or 100 tons of ore a day. 
It is safe to say, however, that the costs of small-scale concentration 
of molybdenite ores would be considerably higher than those given 
_ above. | 
be RESULTS WITH ELMORE VACUUM FLOTATION. 


The following table shows the results obtained in concentration 
tests of two molybdenite ores by the Elmore vacuum -flotation sys- 
tem. It will be noted that in the first test, in which the gangue was 
largely feldspar, the percentage recovery was high and the concen- 
~trate obtained was only medium grade, probably because of the 
flotation of some of the finer particles of light feldspar. In the second 
test, in which the gangue was relatively heavy, chiefly magnetite 
and garnet, both the grade of concentrates and the recovery obtained 
were materially better. 


Concentration tests on molybdenite ore by the Elmore vacuum-flotation process.4 


: Per cent MoS». 
(a Recovery, Rework 
: Tn Incon- | Per cent. ae 
+ In ore. tailings. | centrates. 
r 5. 67 0. 42 68. 00 93.2 | Gangue principally feldspar. : 
3. 83 -10 85. 95 98.1 | Gangue principally magnetite and garnet. 


a Converted from figures given by A. S. Elmore, Vacuum flotation process for concentration: Eng. and 
Min. Jour., vol. 83, 1907, pp. 908, 909. 


; 
_ It is reported that the Elmore process is being used for treating 
-molybdenite at-two mines in Norway and that large quantities of 


“concentrates have already been shipped.’ The writer believes that 
_these plants are as yet the only ones in which any type of oil concen- 





a Hoover, T. J., op. cit., pp. 164-166. 
b Molybdenum. recovery by Elmore process: Eng, and Min, Jour., vol. 99, 1915, p. 907. 
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tration has been attempted for concentrating molybdenite on a com- 
mercial basis. 

The results of several large-scale concentration tests by the Ore 
Concentration Co. (Ltd.), of London, of four different lots of molyb- 
denite ore by the Elmore process are given in the accompanying table. 
The results of these tests, which were made with ore crushed through 
30 mesh, compare favorably with those given in the preceding table 
and indicate in general what might be expected in the treatment of 
any molybdenite ore to which the process is adapted. 


Concentration tests of molybdenite ore by the Elmore vacuum-flotation process.@ 


Weight of | Per cent 


ore treated,|/ MoS in con- Recovery, 


per cent. 








tons. centrates. 
32.0 85. 68 91.5 
32.0 86. 30 94.5 
37.0 84. 25 89. 7 
a) 83. 00 90. 0 
104. 5 84. 80 91.7 


a Molybdenum recovery by Elmore process: Eng. and Min. Jour., vol. 99, 1915, p. 907. 
REMOVAL OF ACCOMPANYING METALLIC SULPHIDES. 


When other metallic sulphides, such as chalcopyrite, pyrite, or 
pyrrhotite, accompany molybdenite they are concentrated with the 
latter mineral by both electrostatic and flotation methods. The 
presence of pyrite or pyrrhotite in the concentrates is undesirable 
only in that it lowers the grade of the product, but chalcopyrite, 
bornite, or other copper sulphides are objectionable in that if the 
concentrates contain more than 1 or 2 per cent of copper they are 
practically unsalable, and even aie percentages of copper greatly 
lower their value. 

Various methods have been et for removing the other sul- 
phides either before or after the concentration of the molybdenite. 
Most of these methods depend on the ore or concentrates being lightly 
roasted. In this way the larger part of the pyrite and chalcopyrite 
are rendered magnetic and may be removed by means of a magnetic © 
separator, or, through the formation of a coating of oxide on the sur- | 
face of each particle, the pyrite and chalcopyrite in the ore are — 
readily wetted and sink if the material is subjected to flotation. Itis 
at once evident that these new properties imparted to the pyrite and 
chalcopyrite by roasting can be taken advantage of either separately _ 
or in a combination of processes. In the writer’s opinion it is cheaper 
and more effective as regards ultimate recovery of molybdenite to 
remove the other sulphides after concentration rather than before. 
No matter how carefully conditions of roasting are controlled some _ 
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_ of the molybdenite will be partly converted to oxide on the surface 
of the individual grains, and this coating will entail some loss of the 
molybdenite whether the material is treated by flotation or on an 
electrostatic separator. So far as recovery of the molybdenite is con- 
cerned it is, therefore, advisable to roast the combined concentrates 
_and remove the oxidized pyrite and chalcopyrite by magnetic separa- 
tion. 
On the other hand, even with the most carefully regulated roasting, 
_ all the pyrite and chalcopyrite do not become magnetic. If the non- 
_ magnetic productfrom the magnetic separator contains an appreciable 
amount of copper its retreatment by flotation may be advisable in 
' order to further rid the molybdenite from grains of chalcopyrite and 
_ pyrite which, although nonmagnetic, are covered with a film of oxide 
that will cause them to become wet and to sink. In other cases it 
_ may be advisable to dispense entirely with magnetic separation and to 
_ treat the lightly roasted concentrate directly by flotation. 
___ A method for separating chalcopyrite, which takes advantage of 
_ the oxidation of the surface of the particles at ordinary temperatures, 
is suggested by a correspondent of the Engineering and Mining Journal. 
In regard to a molybdenite ore containing chalcopyrite, he states that: 
_ “After grinding the ore to 40 mesh, it was dampened and dried. 
Under these conditions 90 per cent of the MoS, will float, and practi- 
cally every particle of the chalcopyrite sinks. This furnishes a 
_ cheaper method than to roast the mixed flotation concentrates with 
the intention of removing the copper ore magnetically.’’¢ 

Wood suggests treating the combined concentrates on the ordinary 
type of wet concentrating table with the idea of separating the molyb- 
denite in what is usually the tailing product.’ The author believes 
that this method would not be particularly effective. Moreover, inas- 
much as the presence of even a small fraction of 1 per cent of copper is 
objectionable in the concentrates, it 1s doubtful whether any of the 
processes suggested above are commercially capable of reducing the 
copper to 0.1 per cent., for example, in any material in which the 
ratio of copper sulphide to molybdenite is relatively large. For such 
ore chemical methods of separation will probably have to be used. 


SUMMARY. 


Each particular molybdenite ore presents its own concentration 
problems. Usually one of the methods, or a combination of the 
methods, discussed above will give satisfactory results, but in some 
instances other ore-dressing processes must be employed in conjunc- 
tion with them. 

a Molybdenum, tungsten, and uranium ores, Eng. and Min. Jour., vol. 97, 1913, p. 114. 
6 Wood, H. E., The Wood flotation process: Trans. Am. Inst. Min. Eng., vol. 44, 1912, p. 693. 
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CONCENTRATION OF WULFENITE ORES. 4 


Unlike the concentration of molybdenite, the treatment of wul- 
fenite ores presents few difficulties. Not only are the ordinary wet 
processes of concentration by jigs, tables, vanners, slimers, etc., 
such as are usually employed in the treatment of ores of lead, copper, 
and zinc, adapted to the concentration of wulfenite, but, when 
properly applied, they result in a high extraction of the mineral. 
Moreover, even the finest particles of wulfenite are readily wetted; 
hence sliming of the ore does not occasion the considerable losses 
that would occur under similar circumstances in the treatment of 
most metallic sulphides, such as galena and chalcopyrite, as these 
minerals float readily when finely divided. On account of the high 
specific gravity of wulfenite (6.7 to 7) it is readily separated from 
all of the gangue minerals with which it occurs. It is, however, 
frequently associated with vanadinite (specific gravity, 6.66 to 7.23), 
from which it can not be separated by wet methods, also with cerus- 
site (specific gravity, 6.46 to 6.57), and anglesite (specific gravity, 
6.12 to 6.39), from which it can be only partly separated. Occasion- 
ally small quantities of other lead minerals of high specific gravity, — 
such as galena (specific gravity, 7.4 to 7.6), pyromorphite (specific 
oravity, 6.5 to 7.1), and mimetite (specific gravity, 7.0 to 7.25), 
occur with wulfenite and are then recovered in the wulfenite con- 
centrate. The presence or absence of these other heavy minerals 
in the ore determines largely the grade of wulfenite concentrates 
that can be made. Theoretically, a concentrate consisting entirely 
of pure wulfenite contains 39.23 per cent molybdio trioxide (MoO,), 
and with many ores a product with 34 to 36 per cent molybdic 
trioxide is easily obtained, whereas with others a concentrate con- 
taining even 20 per cent molybdic trioxide is obtained with difficulty 
owing to the presence of considerable percentages of vanadinite, 
cerussite, etc. The costs of concentrating wulfenite ores by wet proc- 
esses are in general comparable to those of treating ores of galena, 
sphalerite, chalcopyrite, etc., by similar methods. 

Many deposits of wulfenite ore are situated at considerable dis-_ 
tances from water supplies of sufficient magnitude to furnish the 
quantities requisite for wet concentration. It is, therefore, of 
interest to note that wulfenite can be concentrated successfully by 
pneumatic processes, and that there are pneumatic separators of 
various types, such as tables and jigs, now on the market that 
without doubt can effect nearly as high an extraction and make as 
good grade of concentrates as can be obtained by wet methods. The 
cost of separation by pneumatic processes is, of course, greater than 
by wet methods. 
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CONCENTRATION TESTS OF WULFENITE ORE FROM OLD YUMA: 
MINE, NEAR TUCSON, ARIZ. 


The tables following give the results obtained by tne author from 
a series of concentration tests of wulfenite ore from the Old Yuma 
mine, 14 miles northwest of Tucson, Ariz. The tests were not con- 
ducted with the idea of deriving the best method of treatment for the 
ore in question, but to show the wide range of processes that may 
be successfully applied to wulfenite ores in general. The ore used 
was of high grade, containing approximately 6 per cent molybdic 
trioxide. The gangue was an iron-stained silicous rock in which 
the wulfenite was present in crystals varying in size from minute 


specks up to one-half inch in maximum diameter. A sample of the 


original ore weighing 120 pounds was crushed in a small jaw crusher 
to pass through a 3-mesh screen, and divided into six lots by careful 


sizing. The first three of these lots, embracing material through 





3-mesh on 20-mesh, were treated in a hydraulic pulsator jig. The 
next two lots, embracing materjal through 20-mesh on 100-mesh, 
were concentrated in a pneumatic jig, and the last lot of material 
through 100-mesh was run on a concentrating table of common make. 


Concentration tests, on machines of various types, of wulfenite ore from the Old Yuma 
mine, 14 miles northwest of Tucson, Ariz. 


TEST 1. CONCENTRATION ON HYDRAULIC PULSATOR JIG. 




















Through 3-mesh, on 6-mesh. Through 6-mesh, on 10-mesh. 
Se & Mid Cc Mid 
oncen- id- 78 oncen- id- “ps 
Ore. trates. dlings. Tailings Ore trates. dlings. Tailings 

Weight, pounds...... 32. 50 3. 54 1.46 27. 50 27.00 4.73 1.00 21. 27 
Per cent MoO3....... a 4,59+ 36. 43 8. 46 Ay) a6.14+ 32. 76 5.13 37 
Weight MoOs, pounds} 1.494 1. 290 . 124 . 080 1. 680 1.550 051 .079 
Extraction MoOs, per 

OTUs rere eo ec is ete eek 86. 35 ESE Ol tat SB eke bea a 92. 26 3: OA) Baer tees, 
Bence MO On DORCEML 144. fet bk irclt2e Sess hae cee DROS Re |S Ra pees aes Sees & ees 4.70 

Through 10-mesh, on 20-mesh. Total. 
ei C Mid © | ia 
oncen- id- ys oncen- id- Te 
Ore trates. dlings. Tailings Ore trates. dlings. Tailings. 

Weight, pounds...... 18..00 4,55 LEYSSe/ 11. 88 77. 50 12. 82 4.03 60. 65 
Per cent MoO3....... a2 10. 01+ 34, 98 11. 45 220 a@6.42+ |@34.57+ | @8.80+ @a.3i1+ 
Weight MoOs3, pounds| 1.802 1.592 . 180 . 030 4,976 4, 432 sett . 189 
Extraction MoOs, per 

(HEI rea eet a A ea ee a 88. 35 OE OOM ieee werk eee Metre ers, on 89. 07 C13 GO| See ee 
IPSN OOo wMErCOl te meses cdo Scere ee he eee ee bee WR G6 Fall aioe ee vats acta ie ee te ee, ee 3. 80 





a Calculated. 
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Concentration tests, on machines of various types, of wulfenite ore from the Old Yuma — 
mine 14 miles northwest of Tucson, Ariz.—Continued. : 4 


TEST 2. CONCENTRATION ON PNEUMATIC PULSATOR JIG. 


Through 20-mesh, on | Through 60-mesh, on 100- Total. 
60-mesh. mesh. 
Ttem. 
Concen-| Tail- Concen- | Tail- Concen- | Tail- 
Ore. trates. | ings. Ore trates. ings. Ore. trates. ings. 
Weight, pounds......... 21.00 4.05 | 16.95 7.00 0. 80 6.20 | 28.00 4.85 | 23.15 
Per cent MoOs3........... a7.60+] 33. 48 1.42 |@3.94+4+] 29.23 .67 |@6.68+] 232. 78+] @1.22+4 
Weight MoOs, pounds...| 1.597 | 1.356 . 241 - 216 . 234 -042 | 1.873 1.590 . 283 
Extraction MoOs, per ¥ 
CONT eee eee Vannes | Soe eer SCOT Ap ese oe meet eae pot Ed (aoa raat oo (ae ee 84.895. Sosa 
Loss: MoQ3; per Cente. 2<22 |S. oe oe eee nos aoe 15: OOP Sec ceieers ret mer ee L522 | eee ee eee eee 1540 


TEST 3. CONCENTRATION ON DIAGONAL-RIFFLE OSCILLATING TABLE (WET). 


Through 100-mesh. - 


Item. 
Ore eae Tailings. 
EWGISITG DOUNOS ae eee oencpe ek eee eae sine ae eee SRS ee cae mee r 41°60 0. 78 LO. 
Per-cent;MoOgia72 fan cn. a ee ee eee eee eee @2.33+ 21. 98 91 
Weights MoO:, pounds 5.3.2 aeeo Ae oe 1 ee oe eer Seago noma Sse . 269 silva 098 
Extraction: MoOs; per Celtic. Sas Se ces elo ee ee era a ee eee 63.51°| See 
Loss MoOg; periceut.. acd. cbse Fe oe one Sen he Sera atere en ot Ayers cere erate cel eet rane area 36.43 
a Calculated. 
SUMMARY. 
Item. Ore. oe Middlings. | Tailings. © 
Total-welsnt, POUNdS yes ese Sense eee 117.00 18. 45 4.03 94. 52 
Total.weight MoOs, pounds <2. 22 -sseeee eee ec eee 7.118 6. 193 aoe) -570 
Percent Mo Og te cine ce tee he oe oe eee Se ete ae 26.08+ @33. 56+ a8. 80+ @.60+ 
Extraction(MoOs.per Contict sete oo sea aee ee ee eae een eee 87.00 4599. -.|.6. 2 ee 
Loss: Mo Og; per Cent i. ese Sock ates arco seateta testes we ipeare ol Oe eee e eel Ser = eels eas a eee 8. 01 


a Calculated. 


Distribution of wulfenite, and recoveries and losses, according to sizes in tests 1, 2, and 8. = 











Per cent of total MoO3 in— 
Machine used. Size of material. . = 
Feed. trates, | Middlings.| Tailings. | 
Through 3-mesh, on 6-mesh. . 20. 98 18, 12 1.74 1.12 
Through 6-mesh, on 10-mesh. 23. 60 21.77 . 72 1.11 
Hydraulic pulsator jig. . .|{ Through 10-mesh, on 20-mesh 25, 32 22. 37 2. 53 42 
Through 3-mesh, on 20-mesh. 69. 90 62. 26 4,99 2.65 
Sn Se ET SS | eee ete annem een | eens 5d 
Through 20-mesh, on 60- 22. 44 190/055 -2 ¢fet een 3.39 
mesh. Rc 
Through 60-mesh, on 100- 3..88 Be LO see eee eee 59 
Pneumatic pulsator jig. .|,; mesh. 
Through 20-mesh, on 100- 26. 32 re ope 3.98 
mesh. 
Concentrating table. ....| Through 100-mesh........... 3. 78 9°40. \ ss wenden emee 1.38 
Total 22c3. 2.2, sen es eee 100. 00 - 87.00 4,99 8.01 ae 
_ 
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DISCUSSION OF RESULTS OF TESTS. 


The results obtained by treatment on the hydraulic pulsator jig 
show that the concentrates obtained averaged 34.57 per cent molybdic 
trioxide (MoO,), which corresponds to 88.12 per cent pure wulfenite, 
and that the extraction in these concentrates was 89.07 per cent. 
The total middlings, which amounted to only 4.03 pounds, or 5.2 
per cent of the feed, accounted for 7.13 per cent of the remaining 
molybdenum, and the bulk of the wulfenite contained in them could 
without doubt have been recovered as a high-grade concentrate by 
recrushing and treating the product on concentrating tables, even 
though the middlings contained considerable cerussite. It will be 
noted that the tailings averaged only 0.31 per cent molybdic trioxide, 
and although they amounted to 78.26 per cent by weight of the feed, 
the loss of wulfenite in them was only 3.8 per cent of the total quantity 

in the feed. In this instance, the ore through 10-mesh and on 20- 
mesh was jigged only to show that the method was applicable to 
treating material of this fineness. In commercial work it would 
probably be preferable to treat this size of wulfenite ore on concen- 
trating tables, as in general more expert attention is required in the 
successful operation of jigs than in the use of tables. 

The tests on the air pulsator jig were made to indicate the applica- 
bility of pneumatic processes to wulfenite ores in deposits situated 
at such distances from water supplies as to make wet concentration 

' out of the question. A summary of the tests shows that the concen- 
trates averaged 32.78 per cent molybdic trioxide, corresponding to 
' 83.56 per cent pure wulfenite, and that the extraction in the con- 
' centrates was 84.89 per cent. No middling products were made, and 
for that reason the tailings were richer in wulfenite than they other- 
_ wise would have been. At the end of the two runs a perfect separa- 
_ tion of the concentrates and tailings remaining in the jig was impos- 
_ sible, and in the effort to keep the concentrates clean a small quantity 
of them was skimmed off with the tailings. This procedure also 
lowered the extraction. Further, closer sizing of the material before 
treatment would, without doubt, have been beneficial. However, 
the tests demonstrated that an excellent grade of concentrates can 
_ be made by a pneumatic process, and considering all the conditions, 
} the average extraction of 84.89 per cent compares favorably with the 
average extraction of 89.07 per cent made from the coarser sizes of 
material by the hydraulic pulsator jig, and it is probably little less 
than that which would have been obtained if the material had been 
treated by wet concentration on tables. : 
_ A common make of oscillating table with riffles terminating in 
a diagonal line across the deck was used for the wet concentration 
of the material that passed through a 100-mesh screen. A good 
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marketable grade of concentrates was made, but the extraction (63.57 
per cent) was poor. The results indicate that a considerable porpor- 
tion of the material was too fine to be treated efficiently on this type 
of machine and that the ore should be further sized or classified and 
the finer part treated on a slime table. 

Summarizing the results of the three series of tests, it will be seen 
that the average molybdic trioxide content of the total concentrates, 
total middlings, and total tailings was 33.56 per cent, 8.80 per cent, 
and 0.60 per cent, and that the extraction in the concentrate was — 
87 per cent, and in the middlings 4.99 per cent, whereas the total 
loss in the tailings was 8.01 per cent. 

The table giving the distribution of wulfenite and the recoveries 
and losses in the various sizes of material, shows that practically 70 
per cent of the total wulfenite in the ore was contained in the material 
through 3-mesh and on 20-mesh, and that out of this amount 62.26 
per cent was recovered in the concentrates from the hydraulic pulsator 
jig, whereas 4.99 per cent more was contained in the middlings from 
the jig, a total recovery of 67.25 per cent. The table further shows 
that out of 26.32 per cent of the total wulfenite in the ore contained 
in the material through 20-mesh and on 100-mesh, the pneumatic 


pulsator jig recovered 22.34 per cent. Only 3.78 per cent of the 


wulfenite content of the ore was finer than 100-mesh, and of this 
amount the concentrating tables recovered 2.4 per cent. 

Although the tests discussed above were not conducted with the 
idea of deriving a method of treatment, the results indicate in a gen- 
eral way the procedure that should be adopted. In the author’s 
opinion the ore could be treated efficiently by wet concentration 
approximately as follows: 

After the ore has been crushed in a jaw or crusher in gyratory — 
crushers to about 4-inch size it should be further crushed in rolls to 
about 4-inch and the product screened into three series of sizes. 
Approximately, these sizes should be as follows: Through 4-mesh 
and on 8-mesh, and through 8-mesh and on 12-mesh, these two sizes 
to be treated on jigs; through 12-mesh and on 20-mesh, through 20- 
mesh and on 40-mesh, through 40-mesh and on 80-mesh, and through 
80-mesh and on 120-mesh, these four sizes to be treated on concen- 
trating tables, and the material through 120-mesh to be treated on 
slime tables. The jigs should be operated so as to obtain as clean 
concentrates and tailings as possible, and the middlings, after recrush- 
ing (perhaps through 20-mesh), should be appropriately sized for 
reconcentration by the tables. 

In the operation of the tables the price received for various grades 
of wulfenite concentrates would determine where the cut between 
concentrates and tailings should be made. It might be advanta-— 


BUREAU OF MINES BULLETIN 111 PLATE XVIII 





A, TAILING PILES CONTAINING WULFENITE, FROM STAMP AND CYANIDE MILLS, 
MAMMOTH, ARIZ. LOADING TUNNEL AND TRACK TO WULFENITE MILL IN THE 
FOREGROUND. 





B. BOYKIN & HEREFORD WULFENITE MILL, MAMMOTH, ARIZ. 


UBRARY © 
OF THE 
UnivQhBlTY OF ILLINOIS 





CONCENTRATION OF WULFENITE ORES. 115 


geous, from a commercial standpoint, to sacrifice something on the 
recovery in order to make an especially high grade of concentrates. 

The author is confident that if the process described above was 
applied on ore similar to that treated it would result in at least a 
90 per cent recovery of the wulfenite as a high-grade concentrate 
containing 30 per cent or more of molybdic trioxide. 

It is of interest to note that the particular lot of ore used in the 
tests assayed 3.64 ounces of gold per ton and that a microscopic 
examination showed that much of the gold was contained as native 
metal in the wulfenite crystals themselves. As far as known, this is 
the first time that the presence of visible gold has been reported in 
wulfenite. Further, it was ascertained that the gold was seemingly 


confined to dark-colored crystals and that the more plentiful orange- 
colored crystals were free from the element. In order to verify the 


_ results of the microscopic examination, two lots of crystals were hand 


picked from the coarser sizes of concentrates obtained by jigging. 
One lot consisted of clear, orange-yellow crystals, and the other of dark- 
brown to almost black crystals. These lots were crushed and 
assayed. ‘Two assays of the yellow material failed to show even a 
trace of gold, whereas two assays of the dark crystals yielded 143.32 
and 138.02 ounces per ton, thus proving conclusively that the gold 
was confined to the latter crystals. The author believes that a con- 
siderable proportion of the dark color of these crystals is due to minute 
particles of gold. 

It is regretted that owing to the removal of considerable material 
from the coarser sizes of jigged concentrates for experimental pur- 
poses, no statement can be made regarding the recovery of gold in the 
concentrates as a whole. However, it would probably be somewhat 
less than the corresponding recovery of wulfenite or of molybdic 
trioxide; as no doubt the cerussite in the ore contains some gold. 
For example, the concentrates and tailings derived by jigging the 
material through 20-mesh on 60-mesh assayed, 15.36 and 0.82 ounces 
of gold per ton.. Calculated from these assays, the gold con- 
tent of the feed was 3.62 ounces per ton, and the recovery in the con- 
centrates was 81.74 per cent, or slightly less than the corresponding 
recovery of molybdic trioxide, which was 84.91 per cent. The per- 
centage of gold recovered, however, is probably almost identical 
with that of lead. 


_ BOYKIN & HEREFORD WULFENITE MILL AT MAMMOTH, ARIZ. 


At Mammoth, Pinal County, Ariz., there are large piles of tailings 
(Pl. XVIII, A) derived from ore from the Mammoth mine, about 3 
miles distant at Schultz.* This ore was originally crushed in a stamp 





a¥or description of the ore from this mine see p. 47. 
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mill and treated by amalgamation to recover its free-gold content. 
Later the tailings from this process were cyanided to extract the con- 
siderable part of the gold that was not free milling or had otherwise 
been lost in the first operation. Subsequently part of the resulting 
tailings was sluiced to recover the wulfenite content. This last opera- 
tion was over a decade ago, and it probably supplied about 750 tons 
of wulfenite concentrates out of the 795 tons of combined wulfenite 


> a 


and molybdenite concentrates that constituted the total production — 


of this county in 1903.2 


A part of these tailings piles is shown in Plate XV, B. They 


are estimated to contain 200,000 to 250,000 tons of material and 1 to 
2 per cent of wulfenite. In 1914 Messrs. F. H. Hereford and R. O. 
Boykin, of Tucson, Ariz., who had obtained control of all but about 
25,000 tons of this material, installed two concentrating tables in 
the mill building of the old cyanide plant and commenced the re-treat- 
ment of the tailings to recover the wulfenite. Operations were so 
successful that early in 1915 they entirely remodeled the small plant 
and increased the number of concentrating tables to seven. At this 
time (June, 1915) operations are being conducted as follows: 

The tailmgs are dug from the tailings piles by means of a four- 
horse scraper and dragged up an incline to a loading platform, 
where they are dumped onto a coarse grizzly, which removes pieces 


of board, brush, etc., and allows the tailings to fall through into a 


car. The scraper used and the loading platform are shown in Plates 


XV, B, and XVIII, A. The cars into which the tailings are dumped, 


each having a capacity of sightly over a ton, are trammed by hand ~ 
for several hundred feet to the foot of an incline leading to the mill ~ 


bin. Here each car is hooked onto a cable and drawn up the incline 
to the upper edge of the bin, about 30 feet above the ground, and 


its contents dumped into the bin by hand. Each empty car is — 


returned down the incline by gravity and run onto a switch to allow 
the next loaded car to pass and then trammed back into the tunnel 
beneath the loading platform to be refilled. Plate XVIII, B, shows 


a general view of the mill and its surroundings. It is understood : 


that the work of scraping the tailings and placing them in the mill 
bin is let by contract and that the cost is about 14 cents per ton. 


DISCUSSION OF FLOW SHEET. 


In the following description of the operation of the mill the num- 


bers refer to the flow sheet shown in figure 2. The mill bin or feed 
hopper, /, has the form of an inverted square pyramid truncated 
parallel with its base, and holds about 40 tons. It is clearly shown 
in Plate XVIII, B. From this hopper the tailings are washed by a 


a Pratt, J. H., The steel-hardening metals: Mineral Resources U. S. for 1903, U. S. Geol. Survey, 1904, 
p. 308. 
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small stream of water over an inclined screen, 2, of about 4-mesh. 


_ The oversize on this screen is removed by hand and thrown away, 





and the undersize is carried through a launder into the mill building, _ 
where it discharges into a hindered-settling classifier, 3. The over- 
flow from this classifier goes to a second hindered-settling classifier, 
4, and the overflow from the second classifier to a third, 5, and so on 
through five classifiers. The overflow from the fifth classifier passes 
into a settling cone, 8, the overflow from which goes into the tailings 


Overs/Ze 10 Waste 


F8 ONGC SIZE 





c 


ATC G 
/8 /9 ae. /6 


WASTE 


FIGURE 2.—Flow sheet of Boykin & Hereford wulfenite mill, Mammoth, Ariz. 1, Mill bin or hopper, 
having a capacity of about 40 tons; 2, inclined 4-mesh screen; 3 to 7, hindered-settling classifiers; 8, settling 
cone; 9 to 11, Overstrom tables; 12, Ludwig table; 13 to 14, Card tables; 16, concentrate storage; 17, 
middlings storage; 18, tailings sump; 19, Byron Jackson 38-inch ‘‘Dreadnaught’’ sand pump. 


sump, 18. The spigot products from the first three classifiers, 3 to 5, 
are treated separately on three Overstrom tables, 9 to 11. The spigot 
product from the fourth classifier, 6, is divided into two parts, one of — 
which goes to a Ludwig table, 12, and the other to a Card table, 13. 
The spigot products from the fifth classifier, 7, and from the settling 
cone, 8, are treated separately on two Card tables, 14 and 15. Each 
of the concentrating tables makes a middlings product, which goes to a 
storage bin, 17, for re-treatment. It is understood that these mid- 
_ dlings are sometimes re-run on one of the concentrating tables, which 
is temporarily cut out of the mill system for their re-treatment, and 
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sometimes they are returned to the mill system as a whole. The — 
tailings from all the tables go to the tailings sump 18, and the con- 
centrates to storage bin 16, from which they are taken to be dried 
and sacked. The tailings are pumped from the tailings sump 18 by 
a Byron Jackson 3-inch “Dreadnaught” sand pump, 19, and dis- 
charged through a pipe onto a tailings pile a short distance from 
the mill. 

Power is furnished by two Fairbanks-Morse oil engines of 12 and 
20 horsepower. The smaller engine drives the sand pump 19, and the 
larger engine supplies power for operating the concentrating tables 
9 to 15, a Byron Jackson 4-inch pump that supplies the plant with 
water, and a Browning 2-kilowatt dynamo which is rated to supply 
16.6 amperes at 120 volts when run at 1,425 revolutions per minute. 
The dynamo furnishes electricity for hghting the mill and for iumi- 
nating the scraping and tramming operations on the tailings piles at 
night. The mill operates 24 hours a day and employs 10 to 12 men. 

It is reported that about 2 tons of concentrates are obtained each 
day from the treatment of about 200 tons of tailings. A large 
sample of these concentrates, furnished to the author through the 
courtesy of Messrs. Hereford and Boykin, upon analysis yielded the 
results shown in the following table: 


Analysis of wulfenite concentrates from mill at Mammoth, Ariz. @ 





Constituent. Per cent. 
MGQ see. aS stil aie OE So ete Sole ee Ln ee eS, ante Se Oe Oe 
PDO RRS Ss hee ee Re ee eee ae es 61. 83 
Ve P ius 2 tees sae Ls ee ee ree ee eee ee 1.28 
Fess and. tA LO. Sa tee Poe ee er et 5. 50 
M11 AR aie b oiach:c Petees, Wc eh Mee ee nat ec ee re a : . 65 
DLO koe nce ee hak: Ne ern Se Ae See Cale eke ey ere 1.53 
PO Ph crs aber adige Se ie ae ate art eee 30 
SO, [ssh eee ie ee ee 1.96 
CO pi AE hae Stak Go BRS 4 eel eae 3.20 
ee rae Se pe ee ee ee ns oe eee ee ee tao 
CaQ. Key. eter dee SNR Pie eee eee ees ee ee 6.90 

Total etc2. Ss.5 ces ee ee ape 100. 00 


The above analysis indicates the presence of the four principal 
mineral ingredients of the concentrates in the following percentages; 
Wultenite, 57.63; cerussite, 18.32; vanadinite, 8.65; anglesite, 6.52; 
total, 91.12 per cent. As the last three minerals are of nearly the 
same specific gravity as wulfenite, the rather low molybdic trioxide — 
content of the concentrates (22.62 per cent) isnotsurprising. In fact, 
with such relatively large percentages of these other heavy lead 
minerals in the feed, the writer does not see how any considerable 
betterment of the grade of concentrates could be expected. Inasmuch 
as over | per cent of tungsten had been reported to Messrs. Hereford 





@ Analyst, H. A. Doerner, Bureau ot Mines. b Approximate. 
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and Boykin in the analysis of a sample said to have represented a 
considerable tonnage of concentrates, it is of interest to note that 
none of that element was found in the analysis given above. 

Although it would be difficult to improve greatly the grade of con- 
centrates being madé at this plant, the author is of the opinion that 
the capacity of a plant of this character could be greatly increased 
by the installation of an efficient screening system to remove the 
coarser particles of gangue before concentration on the tables, and 
that the extraction of wulfenite could be considerably improved by 
the treatment of the fines on slime tables or slime vanners. 


RESULTS OF SCREEN TEST. 


A screen test of a sample of concentrates was made, the results 
being presented below. The test showed that 93.6 per cent would 
pass through a 100-mesh screen, and that 76.2 per cent would pass 
through a 200-mesh screen. Further, it is reasonable to assume that 
the losses of wulfenite occurring in the mill are confined almost 
entirely to very fine material, so the relative proportion of fine to 
coarse wulfenite in the feed is probably even greater than indicated 
by the results of the screen test. It is obvious that, as the tables 
used for treating the finer sizes of material are not suited for treat- 
ing slimes, a considerable loss of wulfenite must occur in their tail- 
ings. Moreover, the overflow from the settling cone in the mill is 
not treated at all but runs directly to the tailings sump. <A panning 
test of this overflow product showed the presence of considerable fine 
wulfenite which could at least be partly recovered by allowing the 
overflow to settle in tanks and treating the slimes on slime tables or 
slime vanners. Further, as stated above, it is the author’s opinion 
that a much better recovery would be effected if the finer part of the 
material, embracing the spigot product from the settling cone, and 
even, perhaps, the spigot product from the fifth, or final, classifier 
now being handled by the tables, were treated on concentrators 
adapted to handling slimes. 


Results of screen test on wulfenite concentrates from mill at Mammoth, Ariz. 
[Screen ratio, 1.414.] 




















Opening of holding 
screen. Per cant Eee cent 
Mesh. ee ee ee VV OLOTG am OrtOual a veal 
Milli- weight. | weight 
Inch. meter. 
; Grams 
COTE Sac een eee cid lek on eos See eae 0. 0116 0. 295 DAF O50 
Eilat Ot esd 850011 GOs Melee sete: aes fon inos Som ede ee . 0082 . 208 21 1.4 4.1 
PLP OUS HIG) 7 Oil LOO tae ke aerate cco mee citer eacivis . 0058 . 147 35 2.3 6.4 
Sirois 100 NOW IDO Phew ete sk coon Seto asad . 0041 . 104 79 5.3 11.7 
PR PBOUE UE DO VOTE 200 setts © te coos sc) ao oie Semiahs. 5 oro mre oe . 0029 . 974 182 128 23.8 
“ead 0) 2A Uesode eon Sean CeU BE ACEC S HE a eRe ees earieeatee | Sais aaa 1,142 76.2 100.0 
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The results of the screen test showed that only 2.7 per cent of the 


concentrates were caught on a 48-mesh screen. In other words, the 
original feed to the mill might be screened through a 48-mesh sieve, 
and by throwing away the oversize only 2.7 per cent of the material 
nowrecovered would belost. Itisregretted that'the results of a screen 
test on the present feed to the mill are not available, so that the exact 
proportion of the gangue that might be eliminated by screening with 
a practically negligible loss might be accurately stated. The writer, 
however, is confident that more than one-quarter, and perhaps even 
one-half, of the total feed to the mill could be removed by screening 
to 40-mesh. That the capacity of the mill would be considerably 
increased by such a procedure is obvious, and the recovery and the 
grade of concentrates would probably also be benefited. In fairness 
to the operators of the mill it must be said that the screening system 
at the time of the author’s visit (screening to about 4-mesh at the 
outlet of the mill bin and to about 8-mesh or 10-mesh through pieces 
of screen placed in the feed boxes of the concentrating tables), was 
only a temporary makeshift, and has doubtless been replaced by a 
more efficient system. 
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the electric furnace. Trans. Am. Electrochem. Soc., vol. 20, 1911, pp. 355-372. 


Describes in detail experiments in direct electric smelting of molybdenite con- 
centrates. 

Emmons, W. H. Some ore deposits in Maine and the Milan mine, New Hampshire. 
U. 8. Geol. Survey Bull. 432, 1910, pp. 21, 42, 47-49. Describes occurrence of 
molybdenite in several Hones! 

Escarp, J. Méthodes électrochemiques et alumino-thermiques pour la préparation 
de la fonte de molybdéne et des ferro-molybdénes. La Lumiére Electrique, 
vol. 7, 1909, pp. 200-206. Describes preparation of pure molybdenum. 

Evans, J. C. Determination of molybdenum in wulfenite. West. Chemist and 
Metallurgist, vol. 3, 1907, pp. 218-219. 

FaHRENWALD, F. A. A development of practical substitutes for platinum and its 
alloys, with special reference to alloys of tungsten and molybdenum. Bull. 109, 





Am. Inst. Min. Eng., January, 1916, pp. 103-149. Describes investigation 4 


undertaken by research foundation of the National Dental Association. Pure 
ductile molybdenum coated with a precious metal or alloy in many ways superior 
to platinum or its alloys for dental work. 

Fink, C. G. Ductile tungsten and molybdenum. Trans. Am. Electrochem. Soc., 
vol. 17, 1910, pp. 229-234. Compares tensile strength, specific gravity, resis- 
tivity, etc., of tungsten and molybdenum wire. 

Frienp, N. J., and MarsHatt, C. W. The influence of molybdenum on the corrodi- 
bility of steel. Jour. Iron and Steel Inst., vol. 89, No. 1, 1914, pp. 503-507. 
Describes various tests in fresh, salt, and acid waters, etc. 

Gin, G. Memoir on the methods of treatment of simple and complex ores of molyb- 
denum, tungsten, uranium, vanadium. Part I. Molybdenum. Trans. Am. 
Electrochem. Soc., vol. 12, 1907, pp. 411-474. Deals chiefly with the manufac- 
ture of ferromolybdenum in the electric furnace. 





method of treating wulfenite to obtain ferromolybdenum of low-carbon content. 

GLEDHILL, J. M. The development and use of high-speed tool steel. Jour. Iron and 
Steel Inst., 1904, No. 2, pp. 127-182. General description covering heat treat- 
ment, tests, etc., of tool steels, including molybdenum-chromium and tungsten- 
molybdenum-chromium steels. 

GuicHarD, M. Sur la molybdenite et la préparation au molybdéne. Compt. rend., 
vol. 122, 1896, pp. 1270-1272. Describes the decomposition of molybdenite in 
the electric arc. 

Guitp, F. N. The composition of molybdite from Arizona. Am. Jour. Sci., ser. 4, 


Sur le traitement de la wulfénite pour ferromolybdéne a basse teneur en 
carbone. Proc. 7th Int. Cong. Appl. Chem., vol. 10, 1909, p. 10. Describes . 


vol. 23, 1907, pp. 455-456. Gives analysis of mineral from Santa Rita mountains. _ 


GuILLET, Leon. Propriétés et constitution des aciers au molybdéne, Compt. rend., 
vol. 1389, 1904, pp. 540-542. Describes experiments on various molybdenum 
steels, showing strength and hardening, and tempering properties. 

Recherches sur les aciers au molybdéne. Génie Civil, vol. 45, 1904, pp. 242- 

244. Results of a series of systematic tests, with microphotographs of molyb- 

denum steels. 
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Hania, A. Die modernen Eisenlegierungen und ihre Verwendung in der Eisen- und 
Stahlindustrie. Discusses ferromolybdenum. Electrochem. Ztschr., Jahrg. 20, 
November, 1913, pp. 211-213. Discusses modern ferroalloys and their applica- 
tion in the iron and steel industry. 

Haynes, Etwoop. Alloys of cobalt with chromium and other metals. Trans. Am. 
Inst. Min. Eng., vol. 44, 1912, pp. 573-577. Describes a. cobalt-chromium- 
molybdenum alloy, and also a chronium-cobalt-tungsten-molybdenum alloy. 

Hess, F. L. Some molybdenum deposits of Maine, Utah, and California. U. 8. 
Geol. Survey Bull. 340, 1908, pp. 231-240. Describes molybdenite deposits at 
Cooper, Catherines Hill, and other localities in Maine, and at Corona, Cal., also 
a wulfenite deposit at Alta, Utah. 

Molybdenum. Mineral Resources U. S. for 1906, U. 8. Geol. Survey, 1907, 
pp. 527-529; Mineral Resources U. S. for 1908, U. S. Geol. Survey, 1909, pp. 
745-747. 

Hiszarp, H. D. Manufacture and uses of alloy steels, Bureau of Mines Bull. 100, 
1915, pp. 58-59. The use of molybdenum in high-speed tool steel is discussed. 

Himesranp, W. F. Distribution and quantitative occurrences of vanadium and 
molybdenum in rocks of the United States. Am. Jour. Sci., ser. 4, vol. 6, 1898, 
pp. 209-216; U. 8. Geol. Survey Bull. 167, 1900, pp. 49-55. 

Hrirs, B. W. The molybdenite deposits of Tunk Pond, Maine. Min. World, vol. 
31, 1909, pp. 323-324. Describes deposits with special reference to their geology, 
lists accompanying minerals, and describes a phosphate of molybdenum called 
‘‘knightite.’’ 

IncrErsotL, C. A. On hemimorphic wulfenite crystals from New Mexico. Am. 
Jour. Sci., ser. 3, vol. 48, 1894, pp. 193-195. Describes hemimorphic crystals 
from Turquoise mines in the Jarilla Mountains, Dona Ana County. 

JounstTon, R. A. A., and Wituimorr, C. W. Molybdenum and tungsten. Mineral 
Resources of Canada, Geol. Survey of Canada, Bull. 872, 1904, 16 pp. Describes 
various Canadian occurrences. 

JorisseN, A. Sur la diffusion du molybdéne dans le terrain houiller de Liége. Bull. 
Soc. Chem. de Belgique, vol. 27, 1913, pp. 21-25. 

Kerreney, R. M. The production of steels and ferroalloys directly from ore in the 
electric furnace. Jour. Iron and Steel Inst., Carnegie Scholarship Memoirs, vol. 
4, 1912, pp. 108-184. Describes production of molybdenum steel. 

Electric smelting of chromium, tungsten, molybdenum, and vanadium ores. 
Trans. Am. Electrochem. Soc., vol. 24, 1913, pp. 167-189. Gives historical and 
experimental data with regard to the manufacture of ferromolybdenum, pp. 
184-188. 

Lautscy and Tammau, J. Uber die Legierungen des Eisens mit Molybdan. Ztschr. 
anorg. Chem., vol. 55, 1907, pp. 386-401. Discusses iron molybdenum alloys. 
Lenmer, C. Elektrisches verschmelzen sulfidischer Erze und Huttenprodukte 
-unmittelbar auf Metall. Metallurgie, vol. 3, 1906, pp. 549-555 and pp. 596-602. 
Describes method of producing ferromolybdenum, chrome molybdenum, nickel 

molybdenum, manganese molybdenum, and copper molybdenum. 

Lyon, D. A., Keenny, R. M., and Cutten, J. F. The electric furnace in metallur- 
gical work. Bureau of Mines Bull. 77, 1914, pp. 146-151. Discusses electric 
smelting of molybdenite and the production of ferromolybdene. 

MENNICKE, Hans. Die Metallurgie des Wolframs, 1911, 416 pp. Treats of the 
preparation of molybdenum, ferromolybdenum, etc. (pp. 94-100). 

The metallurgy of molybdenum and vanadium. Elektrochem. Ztschr., 
October, 1913. 

Meyers, R. FE. Commercial manipulation of refractory elements for incandescent- 
lamp purposes. Trans. Am. Inst. Chem. Eng., vol. 3, 1910, pp. 172-187. Inter- 
esting data on ductile metallic molybdenum, 
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Muus, S. D. Molybdenite. Report of the Bureau of Mines, Ontario, 1902, pp. 
45-48. Describes various deposits in Haliburton. . 

Moissan, Henri. Préparation et propriétés du molybdéne pur fondu. Compt. 
rend., vol. 120, 1895, pp. 1320-1326. 

The electric furnace. Translated from the French by Victor Lehuer, 1904, 
305 pp. Deals with the preparation of metatlic molybdenum (pp. 155-161). 

Moses, A. J. The crystallization of molybdenite. Am. Jour. Sci., ser. 4, vol. 17,° 
1904, pp. 359-364. | 

Norrurvup, E. F. Tungsten and molybdenum—their thermal e. m. f. Met. and 
Chem. Eng., vol. 11, January, 1913, p.45. Gives temperature curve of the tung- 
sten-molybdenum thermocouple from 1° to 1,000° C. 

Oxsuaski, J. Report on the mines of the Province of Quebec for the year 1898. Dept. 
Colonization and Mines, 1899, pp. 15-17. Describes molybdenite deposits in 
Quebec. . 

Outy, J. Molybdenite; its determination, detection, and uses. Min. Reporter, 
vol. 50, 1904, pp. 10-11. 

PLtuMMER, JOHN. Molybdenite deposits in Australia. Min. World, vol. 26, 1907, 
pp. 421-422. Describes deposits and methods of mining and preparation in New 
South Wales and Queensland. 

Prrani, M. V., and Meyer, A. R. Uber den Schmelzpunkt des Wolframs und des 
Molydans. Ver.deut. phys. Gesell., vol. 14,1912, pp.426-428. The melting point 
of molybdenum is given as 2,450° C.+30°, that of tungsten as 3,100° C.+60°. 

Portevin, A. M. Contribution to the study of the special ternary steels. Carnegie 
Scholarship Memoirs, Iron and Steel Inst. (London), vol. 1, 1909, pp. 275-276, 
330-333. Gives tensile and shearing strength of various molybdenum steels and 
data on electrical resistance. 

Pratt,J.H. The steel and iron hardening metals, Mineral Resources U. S. for 1904, 
U.S. Geol. Survey, 1905, pp. 338-343. 

Ruper, W.E. Solubility of wrought tungsten and molybdenum. Jour. Am. Chem. ~~ 
Soc., vol. 34, 1912, pp. 387-389. Gives data on solubility in common acids and — 
alkalies. . 

Sarint-Smitu, E. C. Molybdenite in the Stanthorpe-Ballandean districts, Southern 
Queensland. Queensland Govt. Min. Jour., vol. 15, 1914, pp. 184-189. 

ScHatteR, W. T. Notes on powellite and molybdite. Am. Jour. Sci., ser. 4, vol. 25, 
1908, pp. 71-75. Describes powellite from Llano County, Tex., and Nye County; 
Nev., also molybdite from Hortense, Colo. |: 

The chemical composition of molybdic ocher. U.S. Geol. Survey Bull. 490, 

1911, pp. 84-82; Am. Jour. Sci., ser. 4, vol. 23, April, 1907, pp. 297-303. 

Notes on powellite. U.S. Geol. Survey Bull. 490, 1911, pp. 80-83. 

Scour, Karu. Uber ein Molybdinbluerz-Vorkommen in Ober-Bayern. Oes- 
terr. Ztschr. Berg. und Hiittenwesen, vol. 59, 1911, pp. 475-478. Describes an 
extensive wulfenite deposit in Upper Bavaria. 

Scoraper, F. C., and Hitt, J.M. Some occurrences of molybdenite in the Santa 
Rita and Patagonia mountains, Arizona.. U. 8S. Geol. Surv. Bull. 430, 1910, pp. 
154-163. Describes deposits at Helvetia and in Madera and Providencia can- 
yons, also at Duquesne and in San Antonio Canyon. 

Smitu, G. O. A molybdenité deposit in eastern Maine. U.S. Geol. Surv. Bull. 260, — 
1905, pp. 197-199. Describes deposit at Cooper, Washington County. 

STEINHART, O. J. Metals and their ferroalloys used in the manufacture of alloy steels. 
Trans. Inst. Min. and Met., vol. 15, 1905-1906, pp. 247-249. Describes ores and 
metallurgy of molybdenum. 

SwEEZEY, R.O. Molybdenite deposit at Turn Back Lake, Quebec. Can. Min. Jour., 
vol. 34, 1913, pp. 190-191, Describes occurrence and exploration work, 
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_Swrnven, Tuomas. A study of the constitution of the carbon-molybdenum steels, 
with an appendix on the mechanical properties of some Jow molybdenum-alloy 
steels. Carnegie Scholarship Memoirs, lron and Steel Inst. (London), vol. 5, 1913, 
pp. 100-168. A study of the recalescence curves, microstructure, and hardness of 
certain molybdenum steels as bearing on their constitution. 

Carbon molybdenum steels. Carnegie Scholarship Memoirs, Iron and Steel 
Inst. (London), vol. 3, 1911, pp. 66-124. A study of the mechanical properties and 
electrical resistivity of certain molybdenum steels. A comparison with corre- 
sponding tungsten steels is of interest. 

Taytor, F. W. On the art of cutting metals. Trans. Am. Soc. Mech. Eng., vol. 28, 
1907, pp. 31-350. Discusses molybdenum as a substitute for tungsten in high-speed 
tools, pp. 243-244. 

TREADWELL, W. D. Ueber die elektroanalytische Trennung des Kupfers von Wul- 
fram und Molybdin. Ztschr. Elektrochem., vol. 19, 1913, pp. 219-221. 

-Vicouroux, E. Sur les ferromolybdénes purs. Compt. rend., vol. 142, 1906, pp: 

; 889-891, 928-930. Describes various iroun-molybdenum compounds. 

Von Livin, W. Einige Eigenschaften des Molybdinstahl. Stahl und Eisen, 1897, vol. 
14, pp. 571-572. Describes series of comparative tests on molybdenum and tung- 
sten steels. 

Waker, T. L. On the molybdenum ores of Ontario and British Columbia, 1911, pp. 
65-66. Summary report of the mines branch for the calendar year ended Dec: 31, 
1910. 








Report on the molybdenum ores of Canada. Canadian Dept. of Mines, Mine 

Branch, Ottawa, 1911, No. 93, 64 pp. 

Weinic, A.J. Molybdenumin cyanide solutions. Eng. and Min. Jour., vol. 97, 1914, 
p. 773. Describes qualitative test for molybdenum with potassium sulphocya- 
nide. 

Weuts, J. W. Molybdenite—its occurrence, concentration, and uses. Canadian Min. 
Rev., vol. 22, 1903, pp. 113-118. Gives results of concentration tests and de- 
scribes occurrences and uses in Canada. 

WinneE, R. Small electric furnace with heating element of ductile molybdenum. 
Trans. Am. Electrochem. Soc., vol. 20, 1911, pp. 287-292. Describes crucible and 
tube furnace, in which wire is wound on the alundum and hydrogen is used to 
protect the metal. 

Woop, H.E. Concentration of molybdenite o ores. Eng. and Min. Jour., vol. 93, 1912, 
pp. 227-228. Describes Wood flotation apparatus and its application to molybde- 
nite ores. 

-——. The Wood flotation process. Trans. Am. Inst. Min. Eng., vol. 44, 1912, pp- 
684-701. Good description of Wood process and apparatus, with fate of teas 
of various ores, including molybdenite. 
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PUBLICATIONS ON MINERAL TECHNOLOGY. 


A limited supply of the following publications of the Bureau of 
Mines has been printed, and is available for free distribution until - 
the edition is exhausted. Requests for all publications can not be ~ 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial interest — 
to them. Requests for publications should be addressed to the { 
_ Director, Bureau of Mines. ; 

The Bureau of Mines issues a list showing all its publications — 
available for free distribution as well as those obtainable only from ~ 
the Superintendent of Documents, Government Printing Office, on _ 
‘payment of the price of printing. Interested persons should apply. 
to the Director, Bureau of Mines, for a copy of the latest lists. 


Buutuetin 16. The uses of peat for fuel and other purposes, by C. A. Davis. 1911. 
214) pp.,7 LP) pl. tig: 
Butuetin 45. Sand available for filling mine workings in the Northern Anthracite | 
Coal Basin of Pennsylvania, by N. H. Darton. 1913. 33 pp., 8 pls., 5 figs. : 
Buuetin 64. The titaniferous iron ores of the United States, their composition and ~ } 
economic value, by J. T. Singewald, jr. 1918. 145 pp., 16 pls., 3 figs. ; 
Butietin 81. The smelting of copper ores in the electric furnace, by D. A. Lya 
and R. M. Keeney. 1915. 80 pp., 6 figs. 7 
Buuietin 84. Metallurgical smoke, by C. H. Fulton. 1915. 94 pp., 6 pls., 15 figs, 
Butietin 85. Analyses of mine and car samples of coal collected in the fiscal years” 
1911 to 1913, by A. C. Fieldner, H. I. Smith, A. H. Fay, and Samuel Sanford. 1914. — 
444 pp., 2 figs. | 
BULLETIN 92. Feldspars of the New England and Northern Appalachian States, by 
A.S. Watts. 1915. 181 pp., 8 pls., 22 figs. a 
Butiettin 100. Manufacture and uses of alloy steels, by Ht, D. Hibbard. 1915. 
78 pp. Fi 
Butietin 106. The technology of marble quarrying, by Oliver Bowles. 1916. 174 q 
pp., 12 pls., 23 figs. oa 
TrEcHNICAL PareR 8. Methods of analyzing coal and coke, by F. M. Stanton and q 
A.C. Fieldner.’ 1918. 42 pp., 12 figs. a 
Trcunicat Paper 14. Apparatus for gas-analysis laboratories at coal mines, ae G. AF q 
Burrell and F. M. Seibert. 1918. 24 pp., 7 figs. | a 
TECHNICAL Paper 32. The cementing process of excluding water from oil wells, as — 
practiced in California, by Ralph Arnold and V. R. Garfias. 1912. 12 pp.,1fig. — 
TrecunicaL Paper 88. Wastes in the production and utilization of natural gas, and _ 
means for their prevention, by Ralph Arnold and F. G. Clapp. 1913. 29 pp. - 
TrcuntcaL Parer 39. The inflammable gases in mine air, by G. A. Burrell and F. — 
M. Seibert. 1913. 24 pp., 2 figs. a 
TecunicaL Paper 43. The influence of inert gases on inflammable gaseous mix- — 
tures, by J. K. Clement. 19138. 24 pp.,1pl., 8 figs. F 4 
TECHNICAL Paper 50. Metallurgical coke, by A. W. Belden. 1913. 48 pp., 1 plig 
23 figs. q 


126 





ree 
84 


4 


PUBLICATIONS ON MINERAL TECHNOLOGY. eo 


TECHNICAL PAPER 66. Mud-laden fluid applied to well drilling, by J. A. Pollard 
and A. G. Heggem. 1914. 21 pp., 12 figs. 
- TrecunicaL Paper 68. Drilling wells in Oklahoma by the mud-laden fluid method, 
by A. G. Heggem and J. A. Pollard. 1914. 27 pp., 5 figs. 

_Trcunical Parser 70. Methods of oil recovery in California, by Ralph Arnold and 
V. R. Garfias. 1914. 57 pp., 7 figs. 

TECHNICAL Paper 76. Notes on the sampling and analysis of coal, by A. C. Fieldner. 
1914. 59 pp., 6 figs. 

TECHNICAL Parser 88. The radium-uranium ratio in carnotites, by 8. C. Lind and 
©. F. Whittemore. 1915. 29 pp.,1pl., 4 figs. 

TECHNICAL ParEeR 95. Mining and milling of lead and zinc ores in the Wiscon- 
sin district, Wisconsin, by C. A. Wright. 1915. 39 pp., 2 pls., 5 figs. 

TECHNICAL PapEeR 110. Monazite, thorium, and mesothorium, by K. L. Kithil, 
1915. 32 pp., 1 fig. 

TECHNICAL Paper 111. Safety in stone quarrying, by Oliver Bowles. 1915. 48 
pp., d pls., 4 figs. 

TECHNICAL Paper 126. The casting of clay wares, by T. C. McDougal. 1916. 26 
pp., 6 figs. 

TECHNICAL PAPER 128. Quarry accidents in the United States during the’ calendar 
year 1914, compiled by A. H. Fay. 1915. 45 pp. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE 
SUPERINTENDENT OF DOCUMENTS. 


The editions for free distribution of the following Bureau of Mines 
publications are exhausted, but copies may be obtained by purchase 
from the Superintendent of Documents, Government Printing 
Office, Washington, D. C., or can be consulted at public libraries. 
Prepayment of the price is required and should be made in cash 
(exact amount) or by postal or express money order payable to the 
Superintendent of Documents. 

The Superintendent of Documents is’an official of the Government 
Printing Office and is not connected with the Bureau of Mines. 

Butuietin 3. The coke industry of the United States as related to the foundry, by 
Richard Moldenke. 1910. 32 pp. 5 cents. } 

Buuwetin 11. The purchase of coal by the Government under epocinbattons with 
analyses of coal delivered for the fiscal year 1908-9, by G.S. Pope. 80 pp. 10 cents. 
Reprint of United States Geological Survey Bulletin 428. 

BuuwetiIn 12. Apparatus and methods for the sampling and analysis of furnace 


gases, by J. C. W. Frazer and E. J. Hoffman. 1911. 22 pp., 6 figs. 5 cents. 
ButietiIn 19. Physical and chemical properties of the petroleums of the San 


Joaquin Valley, Cal., by I. C. Allen and W. A. Jacobs, with a chapter on analyses of 


natural gas from the southern California oil fields, by G. A. Burrell. 1911. 60 pp., 
2 pls., 10 figs. 10 cents. 
BuLietiIn 26. Notes on explosive mine gases and dusts, with especial reference to 


3 explosions in the Monongah, Darr, and Naomi coal mines, by R. T. Chamberlin, — 


383 pp., 1 fig. 10 cents. Reprint of United States Geological Survey Bulletin 383. 


BULLETIN 29. The effect of oxygen in coal, by David White. 80 pp., 3 pls. 20 
cents. Reprint of United States Geological Survey Bulletin 382. 
Buuetin 38. The origin of coal, by David White and Reinhardt Thiessen, with 


| achapter on the formation of peat, by C. A. Davis. 1913. 390 pp., 54 pls. 80 cents. 
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BULLETIN 41. Government coal purchases under specifications, with analyses for 
the fiscal year 1909-10, by G. 8. Pope, with a chapter on the fuel-inspection laboratory 
of the Bureau of Mines, by J. D. Davis. 1912. 97 pp., 3 pls., 9 figs. 15 cents. 

Buiuetin 42. The sampling and examination of mine gases and natural gas, by 
G: A. Burrell and F. M. Seibert. 1913. 116 pp., 2 pls., 23 figs. 20 cents. 

BULLETIN 43. Comparative fuel values of gasoline and denatured alcohol in internal- — 
combustion engines, by R. M. Strong and Lauson Stone. 1912. 243 pp., 3 pls., 32 — 
figs. 20 cents. ) 

Buuuetin 47. Notes on mineral wastes, by C. L. Parsons. 1912. 44 pp. 5 cents. 

BuLueTiIn 63. Sampling coal deliveries and types of Government specifications 
for the purchase of coal, by G. 8. Pope. 1913. 68 pp., 4 pls., 3 figs. 10 cents. 

Butuetin 70. A preliminary report on uranium, radium, and vanadium, by R. B. 
Moore and K. L. Kithil. 1913. 100 pp., 2 pls., 2 figs. 15 cents. 

BULLETIN 73. Brass furnace practice in the United States, by H. W. Gillett. 1914. 
298 pp., 2 pls., 23 figs. 45 cents. 

BULLETIN 88. The condensation of gasoline from natural gas, by George A. Burrell, 
Frank M. Seibert, and G. G. Oberfell. 1915. 106 pp., 6 pls., 18 figs. 15 vents. 

BULLETIN 100. Manufacture and uses of alloy steels, by H. D. Hibbard. 1915. 77 
pp. 10 cents. 

BULLETIN 104. Extraction and recovery of radium, uranium, and vanadium from 
carnotite, by C. L. Parsons, R. B. Moore, 8. C. Lind, and O. C. Schaefer. 1915. 
124 pp., 14 pls., 9 figs. 25 cents. 

TECHNICAL PAPER 1. The sampling of coal in the mine, by J. A. Holmes. 1911. 
18 pp., 1 fig. 5 cents. 

TECHNICAL ParER 3. Specifications for the purchase of fuel oil for the Government, 
with directions for sampling oil and natural gas, by I. ©. Allen. 1911. 13 pp. 5 
cents. 

TECHNICAL Paper 23. Ignition of mine gas by miniature electric lamps with tung- 
sten filaments, by H. H. Clark. 1912. 5 pp. 5 cents. . 

TECHNICAL PaPrER 26. Methods for the determination of the sulphur content of — 
fuels, especially petroleum products, by I. C. Allen and I. W. Robertson. 1912. — 
13 pp., 1 fig. 5 cents. 


TECHNICAL Paper 27. Monthly statement of coal-mine accidents in the United — 


States, January to August, 1912, and statistics for 1910 and 1911, cae by F. W. 
Horton. 1912. 24pp. 5 cents. 


TECHNICAL Paper 60. The approximate melting points of some Srnennret copper — 


alloys, by H. W. Gillett and A. B. Norton. 1913. 10 pp., 1 fig. - 5 cents. 

TrcHNiIcaL Parser 90. Metallurgical treatment of the low-grade and complex ores 
of Utah, a preliminary report, by D. A. Lyon, R. H. Bradford, 8. S. Arentz, O. C. — 
Ralston, and C. L. Larson. 1915. 40 pp. 5 cents. 


TEcHNICcAL Paper 109. Composition of the natural gas used in 25 cities, with a — 


discussion of the properties of natural gas, by G. A. Burrell and G. G. Oberfell. 1915. 
22 pp. 5 cents. - 
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MINING AND PREPARING DOMESTIC GRAPHITE FOR 
CRUCIBLE USE. 


By Groree D. Dup and Frepericx G. Mosss. 


PREFATORY STATEMENT. 


The Bureau of Mines, in connection with the investigations of 
war minerals it conducted, examined the graphite deposits of this 
country, studied the methods of mining and preparation used, and 
sought to devise more efficient methods for the preparation of do- 
mestic graphite, and to standardize the quality of the product. The 
graphite investigations covered three general phases, as follows: 

1. An examination of the deposits in Alabama and other States, 
and a survey of the methods of mining and preparation used. In 
this connection methods of sampling and analysis were noted and ex- 
periments made to determine a standard method of sampling and a 
rapid but accurate method of analysis. 

2. Experimental work on the concentration and refining of domes- 
tic crucible graphite to improve the quality of the product and to 
lessen waste. 

3. Experimental work in crucible manufacture to determine the 
properties of domestic flake and the maximum proportions that 
might be used without impairing the quality of the crucibles. This 
work was accompanied by photomicrographic study of crucible 
structure. 

In this bulletin are presented the results obtained in the first two 
phases of the work outlined above. The bulletin is in two parts. 
The first part describes the methods of mining and milling used, 
suggests a standard method of sampling finished graphite, and de- 
scribes a rapid and convenient method of analysis developed at the 
Pittsburgh station of the Bureau of Mines, to which had been as- 
signed the analytical and microscopic work. The second part 
describes experiments on the concentration and milling of graphite, 
which were made at the Salt Lake City, Utah, station. As soon as 
the reports incorporated in this bulletin were ready, mimeograph 
copies were distributed to those persons most interested in order to 
make the results immediately available. 

The experimental work on crucible manufacture, assigned to the 
Columbus, Ohio, station, yielded results which were made known to 
the industry. A report on this work will be published later as a 


separate bulletin. 
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MINING AND MILLING METHODS IN ALABAMA. 


By GeEorcE D. Dus. 


INTRODUCTION. 


The writer, in connection with the graphite investigation of the 
Bureau of Mines, war minerals investigations, was charged with the 
examination of mining and milling methods. During the course of 
the field work, Alabama, New York, Pennsylvania, and Texas, the 
principal producing districts in the United States, were visited. In 
addition, the writer visited a plant in which graphite is refined from 
“kish,” a by-product obtained from iron blast-furnaces and steel 
plants. The field work was planned to permit of studying the 
methods of mining and milling and of refining graphite for market. 
The results of this observation and study are set forth in the follow- 
ing pages. A standard method for sampling finished graphite is 
suggested, and a rapid, convenient method of analysis used by the 
bureau is described. 


ACKNOWLEDGMENT. 
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producers in all of the fields. The Graphite-Producers Association 
of Ashland, Ala., the members of the staff of the office of. the 
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LITERATURE. 


A bibliography on graphite has been prepared by Ferguson’. The 
Canadian Bureau of Mines is revising Cirkel’s monograph on 
graphite ®, Prof. B. L. Miller is revising Cirkel’s monograph on 
deposits of Pennsylvania ¢ for the State geological survey, and the 


«Ferguson, H. G., Graphite in 1917: Mineral Resources, U. S., 1917, U. &. Geological 
Survey, 1918, pp. 117-119. 

> Cirkel, Fritz, Graphite; its properties, occurrence, refining and uses: Canada Depart- 
ment of Mines, Mines Branch, 1907, 307 pp. 

¢ Miller, B. L., Graphite deposits of Pennsylvania: Topographic and Geol. Survey of 
Pennsylvania, 1912, 147 pp. 
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_ New York State deposits are fully described in a bulletin of 
_ the State Museum by H. L. Alling. Tn view of the detailed geologi- 
_ cal discussions and the full descriptions of milling and refining appa- 
_ratus and of methods in the publications mentioned, such phases 
_ receive only incidental mention in this report. No statistics except 


those not available in State or United States Geological Survey bul- 
letins have been incorporated. The aim is simply to describe 
present practice and recent developments. 


DEVELOPMENT OF GRAPHITE INDUSTRY IN THE UNITED STATES. 


Before 1915 nearly ail the graphite used in crucible manufacture 
in this country was imported. Little domestic graphite was used in 


crucibles, that mined being used chiefly for the manufacture of 


lubricants, paint, foundry facings, and other purposes. In 1915 the 
demand for graphite crucibles increased greatly, because of the 
placing of large foreign contracts for munitions and ordnance with 
American plants, and because of the inferiority of crucibles made 
from clay other than that from Klingenburg, Bavaria, which had 
been cut off by the blockade. Certain acewile Pe aidactuy ers, fear- 
ing a shortage of foreign graphite, offered high prices for domestic 
flake graphite. This stimulated development or the graphite-bearing 
rocks of Alabama. Also, the uncertainty regarding foreign sup- 


plies caused crucible manufacturers to use a larger proportion of 


domestic graphite in their mixtures than they had ever before 
attempted. 

During 1916 and 1917 the amount of graphite imported was about 
eight times the domestic production. Imported graphite comes 
mainly from Ceylon, Madagascar, and Korea. The amorphous 
graphite from Korea can be easily replaced by that from Mexico, 
or, if necessary, by development of somewhat lower grade deposits 
in the United States. Madagascar and Ceylon have furnished about 
70 per cent of the total graphite imported, and of this amount ap- 
proximately 90 per cent has been used in crucible manufacture. 

Until the United States entered the war in 1917, the use of Ceylon 


and Madagascar graphites by American manufacturers was unre- 


stricted as long as guaranties could be furnished to the British and 
French Governments that the products into which these graphites 
entered would not fall into the hands of the enemy. On the declara- 
tion of war in April, 1917, these guaranties became unnecessary, 
as they were superseded by broader American defense measures. 
During the interval in the winter of 1917-18 when freight con- 


_ ditions were most congested, an embargo against the shipment of 





@ Alling, H. L., The Adirondack Graphite Deposits, N. Y. State Museum Bull. 199, 
1917, 150 pp. 
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domestic graphite was ordered and permitted to remain in force 
until the early part of March, 1918. The result of this embargo © 
was a stagnation of the domestic mining industry. The removal — 
of the freight restriction on domestic graphite was followed in 
April by a complete embargo on importations of overseas graphite — 
during the interval April 15, 1918, to July 1, 1918. For the re- — 
mainder of the calendar year 5,000 long tons was to have been per- — 
mitted to enter this country. This order was modified to the extent ; 
of allowing importations during the period April 15, 1918, to July © 
1, 1918; the total amount of these imports, however, was to have 
been deducted from the 5,000 tons scheduled to enter during the last ~ 
six months of the year. : 
Toward the end of June, 1918, in view of the necessity for con- | 
serving shipping for the direct military program and after stocks 
of overseas graphite in the hands of crucible makers, refiners, and 
dealers were found sufficient to last about six months, it was decided 
after July 2, 1918, to restrict completely the importation of overseas 
graphite for the rest of 1918. This order was followed on August 
10, 1918, by a request from the War Industries Board that all crucible 
makers use 20 per cent domestic flake graphite in their crucible © 
graphite mixtures for the rest of 1918 with an increase of 25 
per cent for 1919. This request carried with it the statement that 
applications for import lcenses of manufacturers not complying 
with the provisions of the request would not be approved by the War | 
Industries Board. | 
The War Trade Board ruling of July 2, 1918, was superseded on — 
October 17, 1918, by a ruling permitting imports of overseas graphite 
by manufacturers whose applications had been approved by the War 
Industries Board. The purpose of, this ruling was to permit the- 
carrying of 3 or 4 months’ supply of graphite, in view of the - 
length of time required for shipments from Ceylon and Madagascar — 
to reach the factory in which they were to be used. 



















ESTABLISHMENT OF PERMANENT DOMESTIC INDUSTRY. 


Before the declaration of war in 1914, all crucible makers in the ~ 
United States, without exception, used clay imported from Klingen-— 
burg, Bavaria, in the manufacture of crucibles. Little work of any — 
kind had been done with domestic or English clay. With the decla- — 
ration of war the cutting off of Bavarian clay forced the crucible 
maker to turn his attentions to other clays.. Although at first serious 
difficulties were encountered, the clay problem is fairly well in” 
hand with the result that crucible efficiency compares favorably in- 
service with prewar standards. After clay difficulties had been 
largely surmounted, the problems of crucible manufacture were con- 
sidered solved. In the course of experiments, no great success at- 








MINING AND MILLING METHODS IN ALABAMA. 11 


tended the use of more than 25 per cent domestic flake graphite in 


| crucible graphite mixtures. It was, therefore, fitting that the Bureau 
_of Mines should thoroughly investigate not only the use of domestic 
flake in crucible manufacture, but also the methods of manufacturing 
crucibles from such graphite. 


The future of the graphite industry and the effect of improve- 


'ments and changes in the brass and steel industries have been well 


_ outlined by Ferguson.? If new and increasing uses can be developed 


for graphite, it may be possible through the manufacture of graphite 


articles of commerce in the various mining districts to establish the 





domestic mining industry on a firmer basis than is possible with 
many small operating units that produce only crucible stock. The 
by-products, No. 2 flake and graphite dust, which are drugs on the 


present market, would then be of value. The graphite-mining in- 
dustry made a hearty response to the market for crucible grades 
created by the request of the War Industries Board, and it would be 
unfortunate if, with the reestablishment of peace, this industry 
should revert to its prewar basis. 


GRAPHITE INDUSTRY IN ALABAMA. 


PLANTS. 


There are 39 plants in the three graphite-producing counties of 
Alabama: Clay, Coosa, and Chilton. About October 1, 1918, four of 


these plants were in course of erection and fourteen were temporarily 


closed because of changes in method of treatment or because of plant 


fires. A little over half of the plants were then operating, and only 


six were running full time. After the cessation of hostilities pro- 


duction fell rapidly, and in June, 1919, probably not more than half 
a dozen plants were in operation. 


As this industry developed chiefly during 1917 and 1918, operating 


difficulties still occur. 


The plants enumerated have actual operating capacities ranging 
from 4 to 15 tons an hour, but the rated capacities are about double 


these figures. 


ORE MINED AND METHODS OF MINING. 


The graphite occurs in the Talladega schist and is accompanied 


by quartz, feldspar, mica, other accessory minerals, and alteration 
products. Only the upper 30 to 60 feet of the graphite schist is 


mined. This consists of decomposed and weathered schist and is nor- 


mally rather soft and easily broken, while the unweathered schist or 





¢¥Ferguson, H. G., Graphite in 1917: Mineral Resources U. S., 1917, U. S. Geol. Sur- 


vey, 1918, pp. 97-119, 
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“blue rock” is comparatively hard and contains considerable pyrite. 
For this reason, operators are loath to work the:“ blue rock.” Ala- 
bama ore contains, as far as is known, no amorphous graphite, 

The ore is covered with 1 to 6 feet of overburden. This carries 
some graphite, but contains so much clay and vegetable matter that 
it is removed and dumped as waste to obviate milling dilfliculties 
caused by the presence of these materials. The stripping is done 
with plows, scrapers, and wheelbarrows, and does not involve much 
labor or expense. 

All of the companies have open-pit workings. Machine drills 
are employed at only one mine, where self-rotating hammer drills of 
the jackhammer type are used to drill holes 15 feet in depth. All 
other drilling is done by means of a “jumper” drill, holes being 
drilled 8 to 80 feet deep. All blasting is done with black powder. 
The deeper holes are chambered with dynamite or blasting gelatin. 

The broken ore is loaded into cars by hand, or by steam shovels 
with a dipper capacity of five-eighths of a cubic yard. With hand 
loading, end-dump or side-dump cars of 1 to 1} ton capacity are em- 
ployed. Wuth steam shovels, side-dump contractors’ cars of 4 to 5 
ton capacity are used. About one-fourth of the plants in this district 
are so situated as to necessitate hoisting ore out of the open pit to 
the mill, At the plants in which the crude ore enters the mill by 
eravity, hand tramming is employed, except where the open pit 
is situated at a considerable elevation above the mill; in such plants, 
boxed chutes with hand tramming or gravity planes are used. Bal- 
anced hoisting is used in only three or four plants. At one plant, a 
narrow-gage railroad transports ore from the open pit to the mill. 

_ The absence of enough storage room at the head of the mill or at 
some point between the open cut and the mill is practically gen- 
eral in the district. Only a small proportion of the plants have stor- 
age capacity suflicient to permit the accumulation of enough ore to 
run one shift of 10 hours, the majority of plants having storage ca- 
pacity to enable milling to continue only for a half shift. Mining is 
carried on in the open and is dependent, to a certain degree, on 
the weather. Shut-downs in the mills, owing to operating troubles, 
are frequent. The result, therefore, of the lack of storage is a loss 
of operating time, the elimination of which would soon pay for the 
installation of adequate storage. This point can not be too strongly 
urged for these small, and, mostly, single-unit plants. a 

The ore in Alabama averages about 24 per cent graphitic carbon. 
From this is obtained generally three products—No. 1 crucible flake, 
No. 2 flake, and dust. The aim in concentrating is to recover as much 
as possible of the No. 1 flake, analyzing 85 per cent graphitic carbon 
and remaining on a No. 8 silk cloth of 86 mesh. No, 2 flake, analyz- 
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ing 75 to 80 perteent graphitic carbon and of finer size than the No. 1 
flake, is a by-product grade for which the market is limited. The 
dust analyzes 380 per cent or more graphitic carbon and is a greater 
drug on the market than the No. 2 flake. Hence, the problem of ore 
dressing is complicated by the necessity of recovering as much as 
possible of the graphite in the ore in such form as to be marketable 
as No. 1 flake. The measure of efficiency, therefore, in graphite 
milling is not the percentage of recovery but the number of pounds 
of No. 1 flake recovered per ton of ore. 

‘fortunately graphite plants do not make a practice of analyzing 
their mill heads. It is impossible therefore, to establish a relation 
between the total content of graphite in the ore and the amount re- 
covered as No. 1 flake. Average figures as to the actual production 
per ton of ore are stated on page 27. 

The by-product grades can readily be used in the manufacture of 
lubricating flake, paint stock, foundry facings, stove polish, etc., but 
the demands of plants manufacturing these products are not large 
and the market does not absorb all the No. 2 flake and dust produced. 


CRUSHING METHODS. 


Many different crushing machines and combinations are used in 
Alabama in the dressing of graphite ore. The coarse crusher most 
commonly used is a jaw crusher of the Blake or Dodge type that re- 
duces the ore to about 1} inch size. In some plants, a toothed im- 
pact roll is used for coarse crushing. In plants where dry material 
is crushed fine, rolls, dry mullers, or Symons disk crushers are used 
to reduce the material to final treatment size which is about +; or #5 
inch. For fine crushing in plants in which an oil-froth flotation 
method of concentration is used, coarse crushing is followed by some 
type of rotating mill, ball mill, pebble mill, or rod mill. These 
machines are sometimes preceded by a Symons disk crusher. 


CONCENTRATION METHODS. 


There are four methods of concentrating graphite ores, water 
“skin-flotation,” the pneumatic process, the log-washer process, and 
oil-froth flotation. 

The extent to which these various processes are used in Alabama 
is as follows, the figures including plants that contemplate putting 
in those systems under which they have been classified: The skin- 
flotation washer system is used in twelve and one-half plants. One 
of the plants consists of two units, one of which is the Minerals 
Separation oil-froth flotation. The pneumatic system is used in 
three plants, the log-washer system in two plants, and oil-froth 
flotation systems in twenty-one and one-half plants. 
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WATER “ SKIN FLOTATION.” 


Tn the water “ skin flotation ” system, a typical flow sheet of which 
is shown in figure 1, the ore is crushed dry to #5 or # inch. It is 
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FIGURE 1.—Flow sheet of water “skin flotation” system. 


then sent through a rotary drier, screened, and passed over an air 
separator where it is classified into three products— scalpings ” or 
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tailings, that go to the waste dump; middlings, that form the 
“washer ” feed; and fines, that are generally treated on a separate 
group of “ washers.” The middlings plus the fines, which form 50 
to 65 per cent of the crude ore, go to a bin for fine ore, and are fed 
.to “surface-tension ” washers where the graphite and some of the 
mica are floated off, on the surface film of water. The gangue min- 
erals are wet by the water, sink to the hutch of the washer, and are 
discharged to the tailings launder. The rough graphite concentrate 
is then dewatered on a trommel or shaking screen, which also re- 
moves both the graphite too fine to make No. 1 flake and the fine 
- sand that has been carried over into the concentrates by the film 
formed by the graphite on the surface of the water. ‘The dewatered 
concentrate, a dry sample of which analyzes 40 to 60 per cent gra- 
phitic carbon, is then dried in a rotary or steam-pan drier and sent 
to the finishing plant. Average figures for the amount of rough con- 
centrate recovered per ton of ore are not available, but depend of 
course in large measure upon the grade of ore and of concentrate. 

The types of screening and air-classifying apparatus used differ 
widely, and many of them are unique. Newaygo and “ whip-tap ” 
screens are most popular, but other types of impact and shaking 
screens are used, as well as hexagonal trommels. Most of the air- 
classifying apparatus is individually designed and erected, and 
gives results that seem to be efficient. Practically nothing has been 
done to check up the work of this class of machine; its operation is 
judged entirely by looking at the products without having even the 
“scalpings” analyzed. So far as is known, no sufficient quantity of 
No. 1 flake would be recovéred to justify additional treatment, with 
a view to obtaining more No. 1 flake from these “ scalpings.” 

The result of sampling crude ore, or crude concentrates, and 
“scalpings” is shown in the table following. All samples were 
analyzed at the Pittsburgh experiment station of the Bureau of 
Mines. 

Results of operation of air classifier. 


[Figures represent percentages of graphitic carbon.] 


Graphitie 
Graphitie | ‘carbon in 
Heading. earbon,per| ‘‘scalpings”’ 
cent. or tailings, 
per cent. 
Operating on crude ore: 
SITS G SMPs te ccie: eeerse esate 3.45 1,35 
Second sample.........-..- 2. 55 1.01 


Operating on crude concentrates: 
ITS SARIED Gs crcr siatuaie = creer 5 62,80 4.68 
Second sample........--..- 48. 80 1.83 
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There are three types of “skin flotation” washers sufficiently dis-— 
tinct in principle to permit individual description. Figures 2, 3, — 
and 4 illustrate the underly-— 
ing principles in design. The 
dimensions given are esti-_ 
mates and not actual measure- 
ments. 


MUNRO WASHER. 


The Munro washer is a rec- 
tangular washer in which the — 
feed drops from the feed cyl- 
inder to an inclined flat baffle 
and thence to the water film 
that carries the graphite to 
the collecting launder and — 
Ficurp 2.—Section through original Munro permits the gangue to sink to 


washer (dimensions indicated are approxi- 
mate). a, Stock bin; b, feed cylinder (2-inch the hutch. These washers are — 
revolving shaft); c, lake 8 inches wide; d, $ 2 : 
baffle inclined 50° to 65° from horizontal, 10 built in units about 4 feet 


inches long; f, collecting launder, into which long, placed end to end and 
graphite is carried over an apron from c; g, hariete hace 
water inlet; h, hutch spigot. ack tO DaCK. 





COLMER WASHER. 


The Colmer washer is a circular washer with a conical feed bafile. — 
The ore falls from the baffle on a revolving circular disk with ribs 


cast on it. The tangential a 
motion thus imparted to 
the ore is intended to assist b 


in carrying off the graphite 
by reducing the tendency of 
the falling particles to rup- 
ture the surface film of 
water. Some operators 
claim that better results are 
obtained with this washer 
by keeping the disk station- 
ary, relying on the disk 
solely to change the ‘direc- 
tion of travel of the par- 
ticles of ore. These opera- 
tors claim that the tangen- 





f § s Figure 3.—Section through Colmer washer (not / 
tial motion given by the re- drawn to scale). a, Ore bin; b, feed pipe; ¢, 
: : . conical feed plate; d, revolving disk; e, lake 
volving disk produced s about 9 inches wide; f, collecting launder; g, 
lower-gra de concentrate hutch spigot; h, water inlet; i, shaft; j, pulley 


an : for rotating disk; k, ribs. A, detail of disk d 
an was obtained by keep- (about 18 inches in diameter). 
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ing the disk stationary. As shown in figure 3, the washer is about 42 
inches in diameter. 
NEW MUNRO WASHER. 


The new Munro washer (fig. 4), which also is circular in shape, 
is 6 to 12 inches larger in diameter than the Colmer, most of this 
increase in size being taken up by increasing the width of the “ lake.” 
In the Munro washer, the treatment water is forced through an 
annular opening, formed by placing a cast-iron cover over a bell- 
mouth casting which is attached to the feed-water pipe. This washer 
does away with the me- | Qa 
chanical motion of the 
Colmer type. It is diffi- 
cult, however, to keep an {16 
unobstructed flow of 
water through the annu- 
lar opening. 


PNEUMATIC PROCESS. 


In the treatment of 
graphite ores by the 
pneumatic process, pneu- 
matic apparatus is used 
throughout. <A typical 
flow sheet for this sys- 
tem is not given, because 
the system has been suc- 
cessful in only one mill. 
The details of the opera- 
tion of this plant can not 
be made public. 





Figure 4.—Section cf new Munro washer (not drawn 
to seale; lake about 12 inches wide). a, Stock bin; 

é b, feed pipe; c, conical feed plate; d, cover plate; 

A typical flow sheet of e, set screws for regulating width of opening; f, 


the log-washer process is annular opening ; I, Lee mouth ; h, collecting 
2 launder; i, hutch spigot; j, feed-water pipe. 

shown in figure 5. In 

this method of treatment ihe crude ore is crushed and screened 
without drying. It is then treated in log washers, kerosene oil 
being added to the water in the apparatus. The concentrates are 
screened, washed on a cement floor, drained, and dried. This system 
eliminates the expensive preliminary drying of the crude ore, neces- 
sary with the water “skin flotation.” 

The simplicity and effectiveness of this plant are clear to the 
observer. The grade of rough concentrate made is excellent and the 
only important loss occurs in the coarse-sand tailings, which with 

186651°—20 2 


LOG-WASHER PROCESS. 
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regrinding might be made to yield more flake graphite. <A test of 
the coarse-sand tailings, in the same way that has been suggested 
under the discussion with reference to the “ scalpings ” of air classi- 
fiers, would determine the desirability of regrinding. The fine-sand 
tailings are remarkably free from detached flakes of graphite. 


OIL-FROTH FLOTATION SYSTEMS. 


The majority of the graphite plants in Alabama have installed 
some type of oil-froth flotation cell. Eight plants have installed 
the Callow pneumatic cells, four have installed the Simplex type of 
cell, three and one-half (a two-unit plant has one skin-flotation 


Ore bin 
No. 5 Champion jaw erusher 
Dry muller (.3;-inch screen) 
Add water 


Add kerosene oil 





Bucket elevator 





Distributing screw conveyor 


Four sets of log washers of two each (3.31 per cent carbon) 
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Tailings (1.09 per cent carbon) Concentrates 





Dump . Three hexagonal trommels 
J 4 
Through Over (31.73 per cent carbon) 
Dump Concrete washing floor 


Heavy material (sandy) Light material (concentrates; 58.8 per cent carbon) 
Draining bin 


Dump Steam-pan drier 





F1GuRE 5.—Flow sheet of log-washer process. 


washer system) have installed the Minerals Separation cells, and six 
plants have installed, or intended to install, homemade cells or — 
washers combining some of the principles of these processes. 

The chief difficulty with oil-froth flotation systems is in the loss of 
the large flake. In recovering the large flake, so low grade a concen- 
trate is obtained that an added burden is placed on the finishing 
plant. There is no difficulty in obtaining a high recovery of the 
high-grade dust, but there is at present no ready market for this 
character of material. The best results obtained in the district are 
from the homemade cells or washers mentioned. 
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In both the Minerals Separation and the Callow systems, fine 
crushing is accomplished by Marcy, Lehigh, Marathon, or Hardinge 
ball or pebble mills. In practically all of the plants in which 
these two systems have been installed, water classifiers of the Deister 
or Gemmell type are used. Two plants have Dorr classifiers. For 
dewatering the rough concentrate, vacuum filters of the Portland or 
Oliver type are generally used rather than shaking screens. 


MINERALS SEPARATION SYSTEM. 


A typical flow sheet of the Minerals Separation system is shown in 
figure 6. Assay results for this system are not available. 


CALLOW PNEUMATIC SYSTEM. 


A typical flow sheet of the Callow pneumatic system is shown in 
figure 7. This system has received greater development in the 
Alabama district than any other oil-froth flotation system. At one 
plant the tailings from the Callow cells are treated in an improvised 

washer with satisfactory recovery. 

Samples obtained in Callow plants did not make a good showing, 
chiefly because of the physical difficulties in taking them. The re- 
sults of sampling follow: 


Results of operation of Callow pnewmatie celis, 


[Figures represent percentages of graphitic carbon.] 

















| 
Crude con- rae | 
Test. Crude ore. eritTated:. Tailings. 
So ee eee 
IN ORS ae FOE WE one) | ae AE pase Bees ae 43.66 | Sample “salted.” 
Non2ter one Samptelests o-2..0:.5.... 52.59 | Nosamples possible. 
NOES a eee Nosampletakena@...... 57 to 80 | 0.5 to 0.9. 


a At this plant the flakeseemingly is being subjected to excessive grinding, with the production ofa large 
quantity of graphite, which will not produce No. | flake. 


SIMPLEX. SYSTEM. 


The Simplex system includes crushing as well as concentration. 
The crushing apparatus has no particular advantage over other 
crushing Eg but the concentration method appears to be 
efficient. 

In this system, the pulp comes unclassified to the center of an 
elliptical washer on the surface of which jets of water, with flota- 
tion oils, are forced at a pressure as high as 40 pounds per square 
inch. The jet of water entrains air, and a froth is formed which 
floats the graphite over the side of the washer, while the gangue 
drops to the hutch. 
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FIGURE 6.—Flow sheet of Minerals Separation system. | 
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FIGURE 7.—F low sheet of Callow pneumacic system. 
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A typical flow sheet for a plant of this type is shown in figure 8, 
and a sketch of a section through the washer is shown in figure 9. 

In various mills in Alabama, Wilfley and Deister tables are being 
installed to raise the grade of the rough concentrate and to remove 
gangue from the concentrate fed to the finishing plant. The gangue 
wears the surfaces of the buhr stones, thus necessitating their more 
frequent dressing, an operation that is both tedious and expensive. 
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FIGURE 8.—Flow sheet of Simplex system. 


At one of the plants, concentrates from a table are treated in an ~ 
improvised pebble mill. The dust is then removed, and the material 
is passed through a series of screens, producing No. 1 flake ready 
for market. 

The most important consideration as regards the use of concen- 
trating tables 1s their capacity. As the use of tables in this district 
is still in the experimental stage, reliable data as to the success of 
this new practice is not available. 
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REFINING METHODS. 


The rough concentrate as it comes from the concentrating plant 
contains a minimum of 40 per cent graphitic carbon. In some plants, 
this crude concentrate analyzes as high as 75 per cent graphitic car- 
bon, although the usual proportion is 40 to 60 per cent. The im- 
purities are quartz, mica, wood fiber, etc. Material of this character 
is not readily marketable except at prices far below those obtained 
for No. 1 flake; moreover, the market for crude concentrate is limited. 
These conditions, therefore, necessitate the refining of crude concen- 
trate to No. 1 flake, containing 85 per cent graphitic carbon, and 
remaining on a No. 8 silk cloth of about 86 mesh. 


a 


ee 
Ce ee end 


os _—_ 
¢ os ee ee a —_— ee os 


Ficurp 9.—Section of Simplex washer (not drawn to scale; major axis is about 6 feet 
and minor axis about 38% feet). a, Spigots, 4 to 2 inch orifice, water and oil under 
pressure; 6, collecting launder; ec, screen baffle; d, hutch spigots; ec, feed water. 


Microscopic examination shows that. the graphite flakes consist of 
thin laminae of graphite and that present between the laminae are 
associated minerals, chiefly quartz and mica, which must be elimi- 
nated. There are two general methods of refining: 

(1) If the crude concentrate comes to the finishing plant with 
most of the impurities still interlaminated with or attached to the 
graphite, grinding in a pebble or buhr mill is necessary in order to 
loosen the graphite from the impurities. 

(2) On the other hand, if the crude concentrate comes to the 
finishing plant with the larger part of impurities as detached par-_ 


94 “MINING AND PREPARING DOMESTIC GRAPHITE. 


ticles, refining can be done pneumatically or with electrostatic ma- 
chines. Where this method is employed, crushing in the concen- 
trating plant has been of such a character as to accomplish what gs 
usually done in the finishing plant with the buhr or pebble-mill.~ . 

The first method is the one most generally used; the second method — 
is used in only two plants, and its application is not broad enough 
to warrant more detailed description at this time. 

A flow sheet of a refining plant using the first method is shown 
in figure 10, This flow sheet is not typical because most plants are 
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FIGURE 10.—F low sheet of graphite refining plant. 


quite dissimilar, but it represents in a general way the underlying 
principles governing refining. 


AIR CLASSIFICATION. 


Air classification is used in most of the refining plants and forms 
an important step in the refining process. Figure 11 shows sketches 
of air classifiers. Such apparatus is usually improvised. So far 
as is known no experimental work has been done by the large ma- 
jority of operators with a view to determining the most. efficient 
proportions and shape for this device. 
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In principle air suction created by a fan at the back end of each 
chamber is applied to a falling stream of graphite ore or concen- 
trate. The heavier material, quartz grains with attached graphite, 
is practically unaffected by the air suction, and falls into the hopper 
farthest from the fan. The lighter particles are drawn nearest the 
fan, which sucks the finest dust into the atmosphere. When this 


Air current 
<< 


Air current 
een 





; 5 $a) ‘ 
Ce earn tear fo We cea ae 
I’icurp 11.—Two types of air classifiers (not drawn to scale). a, Stock bin; b, feed 


Shaft; c, fan; d, baffles. Three sets of hoppers are provided for the three products 
usually made. 





apparatus is used on crude concentrates, the middlings—which in- 
clude the heaviest flake—form No. 1 flake stock, going to the No. 1 
buhr mills; the finer material nearest to the fan 1s screened to re- 
move as much finished No. 1 flake as possible. 

In all refining methods the following steps are taken to facilitate 
the highest possible recovery of No. 1 flake: 
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1, All dust is eliminated from the circuit as soon as practicable. 

2, No. 1 flake is removed from the system as soon as it has been 
made. 

3. As little concentrate as possible is sent to the grinding appa- 
ratus. 

For analyses of products see discussion of air classification under 
“ Concentration Methods,” page 15. 


RECOVERY OF FINISHED PRODUCTS. 


In discussing recovery in graphite plants it should be pointed out 


that the- individual plants are small mills in which systematic — 


sampling and weighing of products are not regularly employed. 
No data, therefore, are available as to the extraction obtained at 
various stages of concentrating and refining. It is impossible, also, 
to state where the greatest losses occur in these operations except 
from observation and rough sampling in the field. The results of 
this sampling are indicated wherever practicable on the flow sheets 
presented herein; the points at which the greatest losses occur have 
also been indicated. } 
The only products actually weighed and sampled are the finished 
products. It would be entirely feasible to sample regularly the 
crude ore, the tailings from the roughing mill, and the crude con- 
centrates. Various other products could be sampled from time to 
time, and this work would amply repay the trouble of sampling. 
Recoveries of finished materials are as follows: 


1. No. 1 flake analyzing 85 to 90 per cent graphitic carbon and 
remaining on a No. 8 (86-mesh) or a No. 12 (125-mesh) silk cloth— | 


- the smaller flake being obtained when a 90 per cent graphite is 


produced: 10 to 30 pounds is obtained per ton of ore. The average © 


is about 19 pounds. 

2. No. 2 flake, analyzing 75 to 80 per cent graphitic carbon and 
passing through the meshes above mentioned: 2 to 15 pounds is 
obtained per ton of ore. The average is about 5 pounds. 

3. Dust, analyzing 30 per cent or more in graphitic carbon: An 
average of about 3 pounds per ton of ore is obtained. 

If there were a market for No. 2 flake and dust, a greater recovery 
of these materials per ton of ore could be made. 


The recovery percentages for all products are shown in the table — 


following, which represents average milling practice in the district: 
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Data showing average recoveries of graphite products in Alabama mills. 








——« 


Weight | 

















Material. Carbon. | Weight. multip lied) Re- 
by rt covery, 
cent. 

Per cent. | Pounds. Per cent, 
(is UR eS Be Ae er Es ee eee ge ae eee 87 19 1, 653 33. 06 
IDVEAT EST 5 See gp ne ne yeep ei eee ea ee 9. 2S BP oe CRE 77 5 385 7.70 
HER S28 4 a oclese eA SSE 25.5 ean eae ee 30 3 90 1. 80 
Pp eee] Hiviched Products «2. --ccteseksal a teh sma ad caamete Salas eae aid oe 27 2, 128 42. 56 
ALIS UD VRtiCrowcCo) Seema pe ees ee tec otk eee doc sk eee cece 1. 46 1,973 2, 872 57. 44 

EAS LOE eases tae Ae RR eR Po TERE ethene bie te cme e le 


2.5 | 2,000 | 5,000 | 100. 00 





The amount of No. 1 flake produced per man per hour ranges 
from 44 to 8 pounds, and averages about 6 pounds, figured on the 
total number of ‘men and officials employed. Proportionate quanti- 
ties of No. 2 flake and dust are obtained. There is no definite advan- 
tage apparent from figures obtained from the different classes of 
plants. The outputs, of course, depend to a large extent on the 
amount of graphite originally present in the ore, so that although 
these figures are an index of costs, they can not be used as a measure 
of comparative efficiency. 


COMPARATIVE COST OF ERECTING PLANTS. 


The cheapest type of plant to install is that using a log washer, 
and this is probably the cheapest to run. No figures are available as 
to either initial or operating costs for a plant of this kind. 

For a plant capable of treating 10 tons per hour, the initial cost 
ranges from $35,000 to $60,000 erected, not including that of a finish- 
ing plant, which would add $5,000 to $10,000 more to the cost. 


FIELD SAMPLING. 


In the flow sheets accompanying this report, available assays of 
samples taken in the field have been inserted, and these give some 
idea as to the relative efficiency of different methods of milling and 
of steps in the various processes. In many instances where assays 

have been omitted, no samples were taken; and sometimes the sam- 
“ples taken were ie either in transit or in festie: in the field, or the 
assay results were inconclusive because of the difficulty of getting a 


representative sample in the plant. 
: 


) GRAPHITE INDUSTRY IN NEW YORK. 


PLANTS. 


The mining of graphite in New York was started about 60 years 


ago. ‘This State for many years produced more graphite than any 
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other, but since 1915 has yielded first place to Alabama, where the 
my of the industry has been remarkably rapid. ; 
In 1918 there were three mines in operation, namely, the mine of | 
the Graphite Products Corporation, 8 miles north of Saratoga 
Springs; Hooper Bros. mine, 4 miles west of Whitehall; and the 
mine of the American Graphite Co., worked by the Joseph Dixon 


Crucible Co., 4 miles west of Hague. 


OCCURRENCE OF ORE. 


















In New York the ore averages 4 to 6 per cent graphitic carbon 
as compared with 24 per cent in Alabama. There are two important 
types of graphite deposits in the Adirondack foothills of New York— 
those on the contact of a limestone and pegmatite, and those on the 
contact of the Hague garnet-sillimanite gneiss with the Faxon lime- 
stone or Swede Pond gneiss. In deposits of the former type, large 
flakes of graphite are obtained, but such deposits are extremely — 
pockety, and their development has not been profitable. Present 
production is from the second type of deposit, in which the ore is 
quite regular and is of a more uniform grade. | 

The ore on the whole is much harder and more siliceous than the 
Alabama ore and resembles in many respects the unweathered “ blue 
rock ” of Alabama, the o1iginal bluish Talladega schist. | 


MINING METHODS. 


Graphite ore is mined in New York both in open pits and under- 
ground. The larger part of the ore comes from underground min- 
ing. All drilling is done with power drills. On account of the sili- 
ceous character of the ore, a greater quantity of fines is produced 
during crushing than is obtained in Alabama. The ore-bearing zone 
is usually not over 25 feet thick and averages about 15 feet. , 


OPEN-PIT MINING. 


Wherever possible, the open-pit system of mining is used because 
of the ease and cheapness of preparing an open pit, where there is no 
excessive amount of overburden that requires stripping. 


UNDERGROUND MINING. 


The deposits dip 25° to 35° so that it soon becomes necessary to go” 
under cover for the ore in the course of the development of any mine. 
This has its advantage in the North because of the long and severe 
winters which hamper open-cut work. 

The system of underground mining at the largest mine in the 
district is the room-and-pillar method with underhand stoping. In 
new developments in the district, a definite system of mining has. 
not as yet been determined. | | 
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CONCENTRATING METHODS. 


A flow sheet of one of the plants in New York is given in figure 
12. In this plant gravity stamps are used as fine crushers and “bud- 
dles” as concentrating machines. Concentrating tables are used for 
treating “buddle” middlings, whereas, in Alabama they are to be 

Jaw crusher 
(Material crushed to 14-inch; 7.95 per cen: carbon) 
Ore bin 
Gravity stamps (8-mesh screen) 
Hydraulic classifier 

















J e 
Spigot Overflow 
Richards pulsator classifier Settler 
Spigot Overflow Settlings Overflow 
1 La 
Dump es | 
ee { 
Sand Middlings CT IENE | 
Dump (3.69 per cent carbon) aS conc, tables 
| ‘ y ar are 
Tailings Concentrates (74.11 per cent carbon) | 
ee 
Dump Hexagonal tromme!l (No. 12 cloth) 


J os 
Through (9.95 per cent carbon) Over (76.31 per cent carbon) 
; / 
Dump Drier 
Finishing mill 


FIGURE 12.—Flow sheet of New York concentrating plant. 


employed in raising the grade of rough concentrates preparatory to 
treatment in the ne mulls. 

With crude ore Gi analyzed 7.95 per cent graphitic carbon, 
“buddle” tailings analyzed 3.60 per cent C. Tailings from various 
cther machines mnarred 3.96 to 9.95 per cent C., the latter product 
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consisting of the fines through the rough concentrate trommel. The 
crude concentrate analyzed 76.31 per cent graphitic carbon. 

It should here be noted that the “buddle” is being replaced at the 
Jos. Dixon Crucible Co. plant by a system of oil flotation. As the 
product from this mine goes into the manufacture of materials other 
than crucibles, it is desirable to get as high a recovery of graphite 
of various grades as possible per ton of ore. 


REFINING METHODS. 


Refining methods do not differ greatly from methods used in | 
Alabama plants. One variation is the use of the Hooper air jig 
instead of air classification. The chief disadvantage ascribed to 
this jig is its small capacity. 

The American Graphite Co. refinery at Ticonderoga prepares 
foreign and domestic gr aphite, both amorphous and evel altpth: for 
use in the manufacture of commercial articles, such as paints, foun- 
dry facings, pencils, lubricating flake, and boiler compounds. The 
by-products obtained from this mill are all utilized in the manufac- 
ture of the commodities mentioned. 

Data as to recoveries of No. 1 flake, No. 2 flake, and dust in New 
York practice are not available. 


THE INDUSTRY IN PENNSYLVANIA. 


PLANTS. 


The graphite industry in Pennsylvania has in the past suffered 
from “ wild-cat” and “ get-rich-quick ” schemes that for a time seri- 
ously interfered with the production in the Pickering Valley, 

‘hester county. During the war, this district, in common with 

other producing districts, responded to the increased demand for 
graphite. In 1918, five plants were in operation, two close to Byers 
and three near Chester Springs. The most recent installation is 
the Huff electrostatic system at the plant of the Rock Crucible 
Graphite Co., the contemplated flow sheet of which is given in 
figure 18. 

At present (August, 1919) graphite production in Pennsylvania 
is practically at a standstill. 


OCCURRENCE OF ORE. 


The ore, with one exception, is a soft disintegrated schist dipping 
from 85° to 50° and analyzing 34 to 44 per cent graphitie carbon. 
In some places most of the gangue has been removed by weathering, 


the graphite remaining behind as large coarse flakes. 
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FIGURE 13.—Contemplated flow sheet for Huff electrostatic system. 


D2 MINING AND PREPARING DOMESTIC GRAPHITE. 
MINING METHODS. 


With the exception of the operations of the Standard Carbon Co. — 
and part of the operations of the Rock Crucible Graphite Co. all ~ 
mining is done in open pits. Loading of broken ore is done either © 
by hand or by steam shovel, and little or no drilling is necessary be- | 
cause of the character of the ore. | 

At the mine of the Standard Carbon Co. the ore is mined in narrow — 
rooms with alternating pillars. The deposit averages 25 feet thick — 
and dips about 40°. The mine is developed by a 120-foot vertical — 
shaft, with levels at 80 feet and 120 feet below the collar. The © 
ore is readily drilled with an auger drill. 


CONCENTRATING METHODS. 


Tn this district three of the concentrating systems described under — 
the outline of the Alabama industry are used. Three plants use — 
the log washer or a similar device; one plant is using the dry process — 
in the form of the Huff electrostatic system, and a fifth plant was — 
using the oil-froth flotation system with the K and K type of cell, but 
has now discarded this type of cell. | 

At two of the plants a machine called the “oscillator” is used in ~ 
place of the log washer. The “oscillator” comprises an inclined — 
table with a series of rakes suspended over it and attached to an 
eccentric. In addition to the horizontal motion each row of teeth is 
given a circular motion in a vertical plane, thus stirring the pulp and — 
releasing the graphite, which floats to the lower end of the table — 
while the tailings are worked to the upper end by the rakes. In 
principle, therefore, this device resembles the log washer. As with — 
the log washer, kerosene oil is used to help float the graphite. Sam-_ 
ples taken in plants in which machines of this kind are used gave the ~ 
following results: 

Results of operation of oscillators. 
[Figures represent percentages of graphitic carbon. ] 


Test 1. Test 2. 


Cuoude? 6F6.2.564 <2 hae lo 2 4552 “oa 
Washeritailinge: gen See) OS ol 2 aa 2.19. * SUNT 
Rough concentraves 224511 2 ee ee eee 62.00 72. 07 


The contemplated flow sheet of the plant in which the Huff electro- — 
static system has been installed is shown in figure 138. The other four 
plants have flow sheets similar to those described under Alabama 
practice. | ) 

REFINING METHODS. 


Methods of refining used in the Pennsylvania field are similar to ~ 
those in use in other districts. Two refining plants are being oper- 
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-ated. In the new Huff electrostatic plant it is expected that no addi- 
tional refining apparatus except dusting and bolting screens will be 
required. The plants not operating refineries sell their rough con- 
centrate, representing material coarser than 100 mesh and analyzing 
60 to 70 per cent graphitic carbon, to an Eastern refiner. 

In this district data as to the recovery of finished. products are 
not available. From 50 to 60 pounds of rough concentrate, analyzing 
as shown in preceding table, are recovered per ton of ore. 


THE INDUSTRY IN TEXAS. 
OCCURRENCE OF ORE. 


In Texas graphite is found in the siliceous pre-Cambrian Pack- 
saddle schist in the central region of the State between Llano and 
Burnet. In many places, the graphitic schist has been disrupted by 
granite and pegmatite intrusions. This schist, according to Paige, 
is a metamorphosed sedimentary rock in which the carbonaceous ma- 
terials have been recrystallized to form graphite. 

The ore analyzes 6 to 10 per cent graphitic carbon, but the 
recovery of No. 1 flake is comparatively low because of the presence 
of amorphous graphite and very small flake in the ore; moreover, 
the gangue is hard, so that in crushing, a large amount of the flake 
is destroyed by being ground to finer sizes than are used as No. 1 
flake. 

In 1918, three properties were in operation in the State, but in 
June, 1919, only one was active. 


MINING METHODS. 


At the properties of the Southwestern Graphite Co., 9 miles west 
of Burnet and the Burnet-Texas Graphite Co., 7 miles west of 
Burnet, open pits have been developed; but at that, of the Dixie 
Graphite Co., 4 miles northeast of Llano, mining is by underground 
methods. 

At the property of the Southwestern Graphite Co., the over- 
burden, which varies in thickness from 2 to 8 feet, is a hardbaked 
detritus containing large boulders of ore. It contains much clay 
and vegetable fiber and is said to average 3 or 4 per cent graphitic 
carbon, only a small part of which can be recovered as No. 1 flake 
stock. Accordingly, this material is loosened by means of a plow 
aided by a snatch block and is dumped as waste. In loosening 
overburden of this character, blasting powder might advantageously 
be used. 


4 Paige, Sidney, U. S. Geol. Survey, Geol. Atlas, Llano-Burnet folio (No. 183), 1912, p. 4. 
136651 °—20——3 
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When the mine was visited the ore body was being crosscut, pre- 
liminary to the development of two working faces along the strike — 
of the ore, which is 80 to 100 feet thick and dips about 65° south- 
east. The outcrop can be followed on this company’s property with 
a slight interruption for almost three-fourths of a mile along the — 
strike. | 

In mining, a Keystone wood-fired churn drill is used for drilling 
holes 54 inches in diameter. These are placed at the corners of 
12-foot squares the first row of which is 12 feet from the last crack 
of the previous blast. All holes are drilled to a depth of 25 or 30 
feet, which is 5 feet below the elevation of the bottom of the open 
pit. Blasting gelatin of 60 per cent strength is used for breaking, — 
An Erie wood-fired steam shovel with a dipper capacity of five- 
eights of a cubic yard loads the broken ore into 5-ton side-dump 
contractors’ cars which are hauled to the mill by a Whitcomb gasoline 
locomotive. Large boulders are placed to one side by the shovel 
and are. block-holed with self-rotating hammer drills of the 
jackhammer type. 

The Burnet-Texas Co.’s property is 2 miles northeast of that of the 
Southwestern Graphite Co. on the same schist series and at the time 
of visit was being worked in a small way. Here the ore is more 
frequently cut by granite and pegmatite intrusions, and as developed 
appeared to contain less graphite that would make No. 1 flake stock. 
Besides an open pit, this property was being prospected by a vertical 
shaft. 

At the Dixie Graphite Co. property, 4 miles northeast of Llano, 
the ore is won by underground mining. The deposit dips to the 
southeast at a flatter angle than at the Southwestern Graphite Co.’s 
property. Near the surface the ore contains considerable quantities 
of amorphous graphite and fine flake:' That mined underground is. 
of better grade as regards the size of flake, and contains considerably 
more pyrite and mica than were obtained in the surface ore. In 
the past, much development work was done on this property with 
a view to mining gold and molybdenum ores, but these efforts were 
not successful. 


CONCENTRATING METHODS. 


Two plants use the oil-froth flotation method; at a third plant 
Huff electrostatic machines have been installed. These plants do- 
not differ materially from mills previously described, except that 
in each a rough concentrate analyzing 70 to 80 per cent graphitic — 
carbon and remaining on an 80 or a 90 mesh screen is recovered. 

No refining plants are as yet in operation, although one company 
is reported to have completed alterations in its mill that will permit 
production of refined graphite. 
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In this district the same lack of storage facilities for crude ore 
was noted as in the Alabama field. The general remarks as to 
storage also apply to the New York and Pennsylvania districts. 


RECOVERY OF GRAPHITE FROM ‘“ KISH.” 


The product known as “kish” is a mixture of graphite, slag, iron 
oxide, fragments of iron, and other materials that accumulate about 
a pig-iron casting ladle, or a Bessemer or open-hearth furnace. The 
graphite is formed during cooling by the erystallization of excess 
carbon from molten pig iron. The kish obtained for refining has 
contained 8 to 10 per cent of graphitic carbon in the form of a light, 
_ thin, and fluffy flake. 

The method of concentrating and refining kish is similar in many 
ways to the methods employed with natural graphite. The chief 
points of difference are that kish is not subjected to crushing, but is 
carefully screened and is treated with magnetic separators. A pat- 
ent (No. 1239992) on the recovery of graphite from kish has been 
issued to F. W. Weisman, and another patent (No. 1271146), to 
EK. C. Ewen. | 

Kish as a possible source of graphite should not be overlooked. 
Tt is questionable, however, whether enough of this material can be 
obtained to interfere or compete seriously with the mining of natural 
flake graphite. 


EXPERIMENTAL WORK ON CONCENTRATION AND REFINING. 


As is evident from the foregoing discussion, much work had 
been done on various methods of concentrating graphite ore and 
refining graphite, but no large amount of effort had been expended 
on making comparative tests of the processes. It is evident, too, that 
the possibilities of recovering larger quantities of No. 1 flake have 
not been exhausted. For these reasons the Bureau of Mines has felt 
justified in conducting experiments at its Salt Lake City experiment 
station on the concentration of graphite ore and the refining of 
graphite. This work is described in the report of F. G. Moses, 
“ Refining Alabama flake graphite for crucible use” (pp. 46 to 74). 


EXPERIMENTAL WORK ON CRUCIBLE MANUFACTURE. 


The Bureau of Standards at various times has done some work on 
crucible manufacture with a view to the use of materials other than 
the imported clays and graphites. This work has never been carried 
to a conclusion. It was felt therefore that the Bureau of Mines at 
its Columbus experiment station should make an inyestigation that 
would decide to what extent flake graphite might be used in crucible 
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manufacture, and would establish physical and chemical specifica- 
tions for domestic flake graphite. 


PHOTOMICROGRAPHY. 


As microscopic examination of crucibles made by various manufac- 
turers, in conjunction with a knowledge of the crucible ingredients, 
may be of assistance in the solution of the mechanical difficulties at- 
tending the use of more than 25 
per cent domestic flake graphite 
in crucible graphite mixtures, 
this work has been assigned to 
the Pittsburgh experiment sta- 
tion of the Bureau of Mines. 


METHODS OF SAMPLING. 


Generally speaking, the only 
samples taken in graphite plants 
are of the finished products. In 
the past these have not been 
sampled in the same way by pro- 
ducer and by consumer, so that 
serious disputes over shipments 
have arisen, with the result that 
consumers have often refused to 
accept certain shipments. 

By daily sampling crude ore 
and crude concentrates, as well 
as finished products, a much 
better check on mill work can be 
obtained than is possible by sam- 

AL herb) recall IL“ pling only the finished grades. 
She RXTE RA ABS ' Domestic graphite ‘is usually 
FIGURE 14.— Method recommended for sam- marketed in sacks holding 150 
pling finished sacked product. Correct 

position of sampling device indicated by pounds. The sacks are filled 

dotted lines in two views. _The method from a spout at the bottom of a 

now generally employed gives samples : 4 

corresponding to 1 (T, M, B), 3 (T, M, Small bin to which the products 

B), or 5 ('T, M, B). come from the final sizing screen, 
which follows the buhr mill. In the process of refining, a product ab-_ 
solutely homogeneous in carbon content is not being made at all times 
of the day. The material that goes to the finished-product loading 
bin often varies 5 per cent from the standard determined by the mill 
operator. The causes of these variations are many. Thus, products 
obtained just after the buhrstones have been freshly dressed are 
different from those obtained before the stones have been dressed; 
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and the feed to the buhrstones varies in character from time to time 
because of frequent concentrator shutdowns. The stones are ad- 
justed from time to time during the day, but sometimes the char- 
. acter of the No. 1 flake obtained is visibly below the predetermined 
plant standard. As the sack is filled from a vertical spout, any 
fluctations in the grade of graphite in the bin appear as strata in 
the bag. Moreover the larger flakes naturally fall to the edges of 
the pile under the spout. The miller usually samples a bag of 
graphite by taking a spoonful of graphite from the top of the sack 
or by taking a sample at three points in the bag by means of a small 
hollow bag sampler about 8 inches long, with an opening 2 inches 
long near the point. 

To show that these methods could not give a representative sample, 
two tests of graphite in sacks were made as shown in the table follow- 
ing and illustrated in figure 14. 


Results of two tests of sampling sacked graphite. 


{Figures and letters are same as in fig. 14.] 





Carbon. 





Position of sample. areas 
Volatile. | Graphitic. 








Per cent. | Per cent. 
PM | . 08 








AS 1S Gee RCE eae 46 86 
Mis Stoee Se 1.78 87. 32 
[NG EO, Rees eae) 1. 68 87. 65 
VEO) ee see eee 2. 25 84. 74 
MOO vere wh Lek 9. 49 88. 82 
BG 10e essen oe 2. 10 87. 63 
PIECE Ri ses tae So roe 2. 56 88. 93 
SUT OME ee eee. 2. 26 84. 90 
BOT eM ire 2. 67 83. 71 


In view of the considerations mentioned and the sampling results 
presented in the table, it is recommended that every bag be sampled 
continuously from top to bottom in the manner indicated in figure 
14, by means of one of the deviées described below. 

One device consists of a tubular sleeve. (fig. 15) 30 inches long 
and 2 to 4 inch in diameter, with a continuous slot extending from 
the point to within 4 inches of the top. Inserted in the sleeve 
is a rotating tube with a slot to correspond to the opening in the 
outer tube. Another suggested sampling device is a single tube with 
a check valve at the bottom for retaining the sample while the tube 
is being removed from the sack. It is further recommended that 
all samples be taken obliquely from top to bottom to get a fair pro- 
portion of the larger flakes which naturally slide farthest during 
the filling of the sack, and tend to collect at the sides. 

The method of sampling shipments adopted by the Graphite 
Producers Association of Ashland, Ala., is an honest effort on the 
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part of Alabama operators to avoid disagreeable and costly disputes 
with the consumer. 

As soon as a quantity of graphite is ready for shipment, the local 
chemist at Ashland divides the shipment into lots of 25 sacks. 
Samples are drawn from each bag and then combined to represent 
the individual lots. Analyses are made of the lot samples, and if any 
lot falls seriously below shipping grade, it is discarded from the 
shipment. The grade of the shipment is then calculated by averag- 
ing the analyses of the lot samples. 


METHODS OF ANALYSIS. 


The method of analyzing graphite products or ores has never been 
standardized to the extent of defining volatile and fixed carbon in a 
manner acceptable to all analysts. Accurate methods used in de- 
termining carbon in graphite products are tedious. Work recently 
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Figure 15.—Sections of sampling device (not drawn to scale). A, Longitudinal section, 
showing slot; B, longitudinal section, samples turned 90° from position A; C, cross 
section through slot, 

done by the Pittsburgh experiment station of the Bureau of Mines 

on the chemical analysis of graphite products had in view the devis- 

ing of a rapid, accurate, and simple method of analysis with a fair 
degree of accuracy. A description of this method is given on pages 

43 to 45. , 

TENTATIVE SPECIFICATIONS. 


In the past, crucible makers who used domestic flake graphite have 
as a rule bought this material:only after examining samples sub- 
mitted by producers. It may be helpful to suggest tentative speci- 
fications for No. 1 flake graphite. 

The table following gives the screen and chemical analyses of 
graphite that is being used in the experimental work of the Colum- 
bus experiment station of the Bureau of Mines on graphite crucibles. 
All screen analyses were made at the Pittsburgh station of the 
bureau. A Tyler standard Ro-tap apparatus was used, and the 
graphite sample was screened for 45 minutes, AJl chemical analyses — 
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were made at the Pittsburgh station, the volatile-carbon determina- 
tions of samples being made by heating for three minutes at 800° C. 


Results of analyses of domestic flake graphite. 








Carbon. Cumulative percentages. 
Sample 
No. Kind of sample. 
Volatile Gra- Over Over Ov Over Under 

phitic. | 20 mesh. | 35 tee 65 bbe 100 mesh.} 100 mesh. 
Per cent.| Per cent. . 
We yg Ss eS om graphite..... 1,27 87. 82 0.3 a heey 54.9 95.9 4,1 
Oe hae ae No.1 fang ke eeeas oes 1. 68 SOO2ae een ete ok 42.0 94.8 ND. 
oe TaN ee LOR i Me tict Shi ose ic, axa 1.32 ODOT en ane, 2.0 28. 0 60. 0 40. 0 

Je eye a-| No.1 nas and No. 2 
ARs oe oa eel. 2 2.07 86. Shite eae 3.0 31.0 74.3 25.0 
ee No. 1 flake. ...2......: 3. 65 44.67- boi cccedss 3.3 30.3 89.6 10.4 
ae ee CO CO ek Be SE et Ue ed ES Se i 1 15.4 69. 6 95. 6 4, 4 
yee a DUST eee hoe eee ete cs 6. 06 ALE Se Nee eee.s a 1.2 Se, 96.8 
Beer mie care ChE A eh (ey! ae hiaege rs Sema cit ater 2 Trae elle, SBE ced ae 99. 8 
Bae sees AG Vi} eee nl ay a 7. 20 Fa 72 ly |) 1 Sie | a oa 4 3.9 96. 1 
10s Nos2itlake@. 2.06422 2. 96 SRAM ere rete cose ean eee) es 2 10.5 - 89.5 
1 Ne age ee [ea dots, See 2 &: 2.31 SS 4s iw ees oe os 9.9 67.6 32.4 
5 I ee PCG ey LIB RE) Sea ie GR Ele Rae eee | Seen cee 5a, 58. 5 93. 0 7.0 
F; pe Oto beter eereeee 1.98 86.18 1 6.7 56. 4 97.0 3.0 
1 ee No: 2 flake. g54.0.J.2- Payal 86:30 aS 7 eee aL “8 22. 2 77.8 
be sens s INO. Lalaiee peep I es PE A. 2 eee eek oe 9.7 62, 2 92. 4 7.6 
1623. . No.1 flake, special... .. 1.08 QO TAR Wet Bs oh he 8.2 69. 6 99. 7 13 
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Nine crucible manufacturers sent to the Bureau of Mines samples 
of graphite as prepared by them for incorporation in their crucible 
mixtures. Screen analyses of these samples were made at the 
Washington laboratory; the results showed considerable variation. 
The laboratory lacked the equipment usually found in establish- 
ments for the making of screen analyses, and consequently a nest of 
sieves of 20, 40, 60, 80, and 100 mesh had to be used rather than the 
standard meshing. For comparison, however, the results will an- 
swer just as well. 


Results of analyses of manufacturer's samples at Washington laboratory. 









































N Cumulative percentages. Vol- 
0. ume 
of | Manufac- of 100 Remarks. 
a ee 20 40 60 so | 100 | 100 | grams} 
ech mesh. | mesh. | mesh. | mesh. | mesh. | mesh. | (ce. .c). 
i 
ae Ate sete < 1 684 834 924 942 | 1004 106 | Contains i ees cent flake and 65 
er cent Ceylon. 
2) B. 133 573 713 803 853 994 76 100 par tant Co eylon. 
SR 5 ae eee 12k | s8st| 96: | 98%] 99 | 100. | 149 | Madagascar flake. 
4) Gla ee} Sm |: sit) (89%) | 904 | “100 86 | 100 per cent Ceylon. 
SD St ee 134 624 743 88 934 994 81 | Contains o ay cent flake and 90 
per cent Ceylon. 
(Shee Cp pamee ae 233 66 76 | 833 87 im “fh one per ae phan for steel “pot.” 
doled: oeeee 14 37h 624 882 964 per cent Canadian. 
$4 GL ecice 144| 538i | 75° 3| soi | 991] 95] Contains 25 per cent flake; 75 per 
cent Ceylon for steel “Hot. 2 
Ob |) ERAS 2 Stet 4t 491 69 804 843 994 93 | Contains oie aay cent flake and 85 
per cent Ceylon. 
10 els eae 40 74 84 893 92 993 89 | 100 per cent Ceylon. 
LR eyes 164 594 75% 862 90 993 116 | Contains 17 per cent flake and 83 
per cent Ceylon. 
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CARBON CONTENT. 


It is recommended that the graphitic carbon content of No. 1 flake 
be not less than 85 per cent. By graphitic carbon is tentatively 
meant the carbon remaining after the dried sample has been burned 
for three minutes at 800° C. 

The table following gives the results of complete analysis of seven 
samples of crucible ora phite. The analyses were made at the Pitts- 
burgh station of the Bureau of Mines. The volatile carbon was de- 
‘termined by heating the samples at 800° C. for three minutes. 


Resulis of complete analysis of seven samples of graphite. 











Source of graphite. >....-..----- Alabama.|Alabama.j/Alabama.|Alabama. = Se) guy 1- Ceylon. 
Sample Nos oo... Shae ees 2 1 2 3 4 5 6 7 
Volathe carbon®...seses -2 22 e=.- 2.08 1.40 2. 66 Vee 1.30 Tbe 1. 68 
Graphiticicarvom = 4.5 ea. <1 sa 84. 52 90. 58 81. 82 91.18 88. 97 88. 80 85. 06 
1 Qantas. botiee «sks eee eae Tonle 3. 99 8. 33 4.08 4. 34 5. 24 7.81 
tA TD Og sc. So Scat eee een ee eee 5. 06 2.96 6. 35 2:31 2. 40 2.05 2. 82 
AE O23 cle cis Geet re eee eee oe 53 18 .39 . 40 1.08 Ife: 1.61 
ETE Oly Wet oe ete oe eens oe ear 14 19 13 1 38 05 13 
CaO ios 32h ERY. C2 eo. eek EE Rhee bees See. £hoe. Sess ee ee eel ee eee ree OF et Pee 19 
MeO EE vole wecre meric net mmneine 23 16 . 06 08 76 09 21 
Ke Ont bec. Sore eee sarees 15 es! 14 31 55 08 25 
IN B60) Sayetoreictl hoe tee ee oe ee ieee 008 .O1 11 03 12 12 11 
SOs? . . 32g... age eee eee ee 007 eas oo cee ress ei Uttrievce Reiiries Pal 005 
Po On ere ees ee eke eee OG mlterecs eee elle recietrerarets . 02 02 05 05 
Mn O' eve cookin Gemtenias.< Zhe te ce eeiode eee. Dens Laeeee cease cae See Eee eee 07 04 
CU GOs ots areas o Be laiclore wtalstaveisicic cicse.e|l se meeraerstots TA [okie We wel ctaytte sit ciel stares ociw es atats' ltt eieie sieve tote el teiare eterna 
ZNO QI Sais fo FES are See BES SS So 5 Noe Cr Nw ee es ree | ee eee ae Ee 03 
Total ja oe Gh te eres: oe 99. 805 99. 98 99. 99 99. 86 99. 99 100. 04 99. 995 








a Contamination probably from brass screens. 


The results presented indicate that the amount of deleterious im- 
purities in domestic flake graphite is small. In the samples of Ala- 
bama graphite the Fe,Q, content did not exceed 0.53 per cent; and 
the combined content of alkalies and alkaline earths did not exceed 
0.5 per cent. The amounts of mica and pyrite present were small 
indeed, judged from the alkali and SO, content. Even the Penn- 
sylvania sample with a high Fe,O, content showed only a small 
amount of SO, also a low alkali content. The sample from New 
York showed a combined alkali content of 1.5 per cent, and the 
Fe,O, content was slightly more than 1 per cent. 

If the single sample of Ceylon graphite analyzed may be aie as 
representative—and it should be stated that this sample was graph- 
ite prepared for use in crucibles—it is evident that, chemically, do- 
mestic graphite compares favorably with the Ceylon graphite. 


SCREEN ANALYSIS. 


The following tentative specifications as to screen analysis in 
cumulative percentages are recommended: 


oe 
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Recommended specifications for screen analysis. 


[Figures represent cumulative percentages. ] 





OUEST ER coat acca a ge kaa A At NOL 6 eee 
Pee Ren oLeattoe Col NS Oe eee 35 
AVY OF Gta Arasmeshe eteesese ti ey ka Tar rep, MER TE 50 
rer Tn istamuarcimeshet 2. Fb es oh 100 


Permissible allowance of not more than 8 per cent through 100 mesh. 


PRESENT STATUS OF GRAPHITE. MINING. 


The request of the War Industries Board on August 10, 1918, that 
not less than 20 per cent of domestic flake graphite be incorporated 
_ into crucible-graphite mixtures during the balance of 1918, and 

25 per cent thereafter, established a market for domestic flake which, 
it was hoped, would continue after the war. If domestic graphite 
_ can be used in this proportion without adversely affecting the qual- 
ity of crucibles, it will be used provided it can be produced at costs 
_ that compare favorably with the prices paid for imported graphites. 
Under normal conditions the efficiency of crucibles is expressed as 
so many heats per crucible. However, during the war the vital 
comparison, as regards the national welfare, was the number of 
pounds of imported graphite used per heat. The introduction of 
every pound of domestic flake graphite that did not increase the con- 
sumption of imported graphite per crucible heat saved necessary 
ship tonnage. The proportion of domestic flake that reduces the 
consumption of imported graphite to a minimum has not yet been 
determined. : 

In all of the graphite mining districts in this country operating 
costs are very high, and in normal times, if imports were unre- 
stricted, the domestic mining industry could not compete with the 
industries in Madagascar and Ceylon. On both of these islands, 
the deposits are of large extent and of such high grade that a simple 

cobbing or washing represents the only milling necessary. Labor 
_ is much cheaper in the Far East than in the United States. There- 
‘fore, in spite of the great distance from the market, graphite from 
these islands could be placed on the docks in this country at prices 
which at present would provide no profit for domestic producers. 
Also, overproduction abroad might tend to force prices still lower 
through dumping of surplus production on the American market. 

Operating costs in the United States in October, 1918, ranged from 
6 to 14 cents, with an average of 10 cents, per pound of No. 1 flake. 
No allowance has been made for depletion and depreciation, which. 
would add 1 to 2 cents per pound to the costs stated. In arriving at 
these costs the production of No. 1 flake has been charged with all 
operating expenses and has been credited with the miscellaneous 
income derived from the sale of No. 2 flake and dust. The wide 
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variation in costs is due to differences in the efficiency of individual 
plants as well as to fluctuations in the grade of ore treated by the — 
different plants. 

The graphite in the Alabama district is of lower grade than that — 
in any of the other districts mentioned in this report. With an 
average recovery of 19 pounds of No. 1 flake per ton of ore and an ~ 
after-war price of 9 cents per pound, which is 3 to 4 cents higher — 
than the pre-war price, it is evident that, even though all the ore is 
mined in open pits, only those plants efficiently managed and work- © 
ing comparatively rich deposits will survive unless new and im- ~ 
portant uses develop for the by-product grades so as to warrant the 
establishment of a local central factory for producing commercial — 
graphite products. Many of the Alabama plants are 6 to 9 
miles from the railroad and are in localities where most of the roads ~ 
are difficult te maintain because they are of clay and poorly drained, — 
At plants so situated the cost of transportation becomes a serious — 
factor in operating expenses. 

Until 1913, the graphite production in Alabama was small, but 
has steadily increased so that since 1915 Alabama has been the lead- 
ing graphite-producing State in the Union. 

Milling capacity in hs Alabama district, with the 39 plants now — 
in operation or building, is sufficient to ishorites a large quantity of © 
graphite, if these mills could all rnn 20 hours a day. On the as- 
‘sumption that each mill would average 3,000 pounds of No. 1 flake © 
daily, which is a conservative estimate, a total production of nearly — 
60 tons a day could be obtained. The actual production of No. 1 © 
flake from this district during 1918 averaged less than 350 tons per 
month. ; 

In New York and ‘ Hecera ipa in Pennsylvania, graphite was — 
mined before the war. New York will undoubtedly continue to pro- — 
duce graphite after the war in somewhat greater quantities than be-— 
fore. Both of these districts are close to a large market. The re- 
covery of graphite per ton of ore is double that obtained in Alabama; 
this is a distinct advantage, particularly when by-product grades’ 
can be sold advantageously. | 

The costs of production are practically the same as those in Ala- 
bama, chiefly because most of the plants in New York and Pennsyl- 
vania have just started producing; brt with reversion to peace times, | 
these districts have a distinct advantage over the Southeastern dis- 
trict, in spite of the necessity in New York for underground mining. — 

In the latter part of 1918 the New York district was producing 
not more than 90 tons of graphite per month, of which probably 60 | 
per cent would be No. 1 flake. The Pennsylvania field produced — 
about 50 tons of graphite per month, of which about 60 per cent — 
would be No. 1 flake. 
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The Texas district, if provided with an outlet for by-product 
grades of flake graphite, would have a good opportunity of surviving 
post-war readjustments. The production from this district has not 
been large, but could be considerably increased without great diffi- 
culty. With respect to a Western and Central market, the Texas de- 
posits are favorably situated. The deposits are not only of large 
extent but are high grade as well. 

These statements have been made in order to indicate, in a general 
way, the precarious position of the mining of domestic crystalline 
flake graphite. It would be presumptuous to suggest methods by 
means of which the mining of domestic graphite can be established 
firmly on a postwar basis, for underlying the entire consideration is 
the fundamental economic law of supply and demand. As regards 
domestic flake graphite, the supply exists and can be ebtained. If 
the demand can be created or extended by scientific, rather than by 
artificial means, the supply will be forthcoming whenever the price 
is high enough to justify production. 

With the resumption of peacetime activities, the demand for cru- 
cibles and other graphite products has slackened. This, of course, 
has reacted upon the domestic graphite mining industry, with the 
result that. production has been greatly curtailed. Until business in 
the United States has resumed its normal peace-time trend, some 
method of control or regulation will be necessary to prevent the col- 
lapse of certain industries, which the lessons of the present war have 
taught should not be permitted to die. To be independent of for- 
eign graphite, the use of 100 per cent domestic flake in crucibles 
will have to be developed, if the graphite crucible continues to be 
used as a medium for melting alloys of all kinds. It is possible, of 
course, that the use of some refractory other than graphite, or the 
extended use of melting furnaces requiring no crucibles may de- 
velop to such a point as to make present practice obsolete. 


METHOD FOR RAPID ANALYSIS OF GRAPHITE USED BY THE 
. BUREAU OF MINES. 


By G. B. Taytor and W. A. SELvIG. 


In the following paragraphs are outlined certain methods of 
graphite analysis used by the Pittsburgh laboratory of the bureau. 
These are intended to provide a simple and rapid procedure for the 
proximate analysis of graphite, such as can be performed in the 
average laboratory in the minimum of time, together with a fair de- 
gree of accuracy. The proximate analysis consists of the determina- 
tion of moisture, volatile matter, ash, and graphitic carbon by ditfer- 

ence. 
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PREPARATION OF SAMPLE. 


On account of the difficulty of grinding flake graphite, no degree — 
of fineness can be fixed; however, for material containing considerable 
gangue, grinding to pass through a 60-mesh sieve is recommended. — 
The flakes of graphite separated during the screening must of course 
be included in the 60-mesh material, and must be thoroughly mixed ~ 
before portions for analysis are weighed out. ; 


DETERMINATION. 
MOISTURE. 


One gram of the sample is placed in a weighed porcelain capsule 
Z-inch deep by 1? inches wide, and heated for one hour at 105° C. in 
a constant-temperature oven. The capsule is then removed from the 
oven, covered, and cooled in a desiccator over sulphuric acid. The 
loss in weight multiplied by 100 is recorded as the percentage of © 
moisture. If platinum crucibles are available, it is preferable to use 
a 25-c.c, platinum crucible instead of the porcelain capsule. 


VOLATILE MATTER. 


The covered capsule containing the graphite from the moisture 
determination is placed in a muffle furnace and heated at 800° C. for — 
three minutes, removed from the furnace, cooled in a desiccator, and 
weighed. The loss in weight multiplied by 100 is recorded as the 
percentage of volatile matter. 

A lower temperature and a shorter time interval than is used in 
the standard method for the determination of volatile matter in coal © 
is recommended, as the volatile-matter content in graphite is small, - 
and the oxidation and loss of graphitic carbon should be cut down { 
to a minimum. 

ASH. 


Ash is determined in the residue from the volatile-matter determi- 
nation. The capsule containing the residue from that determimation 
is placed in a muffle furnace at about 800° C. and is heated until com- 
pletely burned. The capsule with its contents is removed from the 
mute and cooled and weighed, after which it is replaced in the 
muffie, heated for half an hour, cooled in a desiccator, and weighed — 
again, This heating and weighing should be continued until the 
change in weights between two consecutive ignitions is 0.0005 gram 
or less. aa 

The weight of the crucible plus the ash, minus the weight of the 
empty crucible, multiplied by 100 is recorded as the percentage of 
ash. 
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GRAPHITIC CARBON. 


Graphitic carbon, which is determined by calculation, is the differ- 
ence obtained by subtracting the sum of the percentages of moisture, 
ash, and volatile matter from 100. 


GRAPHITIC CARBON BY COMBUSTION. 


The most accurate method of determining graphitic carbon is by 
combustion, and subsequent weighing of the CO, formed. While 
it has been found that graphitic carbon, as calculated, checks very 
closely with the graphitic carbon determined by direct combustion, 
the latter should be used when greater accuracy is desired. This 


method, however, calls for special equipment and requires consider- 


able skill in spnden otek 

On account of the possible presence of carbonates in ore, and pos- 
sibly small amounts of flotation oils in the sample, if a concen- 
trate, a preliminary treatment before combustion is required. 


PRELIMINARY TREATMENT OF ORES. 


A sample, weighing 0.2000 to 1.0000 gram, depending on the rela- 
tive amount of graphitic carbon, is placed in a 100-c.c. evaporating 
dish with 25 cc. of 1 to 1 HCl, heated over a hot plate for 15 min- 
utes, filtered through a filter of ignited asbestos, and washed with 
hot water until free from chlorides. The filter and the residue are 
then transferred to a porcelain or platinum boat and dried on the 
hot plate. The boat containing the residue is transferred to the 
tube of a combustion furnace and burned in a stream of oxygen gas, 
the CO, formed being collected in a potash buib with a 30 per cent 
¥OH solution. The combustion tube should contain some fused 
lead chromate to retain any sulphur that may be present. 


PRELIMINARY TREATMENT OF CONCENTRATES. 


Concentrates are likely to contain flotation oils, which must, of 
course, be removed before combustion, or too high results will be 
obtained for graphitic carbon. 

This may be done by placing a ae weighing 0.2000 to 0. 5000 
pram in a small Erlenmeyer flask and adding about 25 c. c. of ether, 
corking loosely, and allowing to stand for about one-half hour, shak- 
ing at intervals. The mixture is filtered onto asbestos in a Gootch 
crucible, the asbestos having previously been washed with hydro- 
chloric acid and ignited. The residue on the filter is washed with 
alcohol and next with distilled water; it is then ready to be treated 
with acid for the removal of possible carbonates, as is done in the 
treatment of ores, 


REFINING ALABAMA FLAKE GRAPHITE FOR CRUCIBLE USE, 


By Frepertck G. MOsgs, — 


INTRODUCTION. 


Tn order to determine the possibility of producing a satisfactory 
crucible graphite from Alabama flake graphite, an investigation em- 
bracing a large number of tests was made at the Salt Lake City 
station of the Bureau of Mmes. The following report contains the 
information obtained during the progress of this investigation. 

A primary object of the work was to ascertain the most satisfac- 
tory means by which the low-grade graphite concentrates produced 
from Alabama ores could be made into satisfactory crucible stock. 
Of course, the success of any one of the methods of treatment de- 
veloped will depend both on the amount of satisfactory material that 
can be recovered by the finishing process, and on the ease and cheap- — 
ness of the operation itself. In all of the experiments both of these 
factors were kept in mind. 


REQUIREMENTS FOR CRUCIBLE GRAPHITE. 


After an extended investigation into the specifications for graphite 
satisfactory for use in crucible manufacture, Geo. D. Dub, has sug- — 
gested the following specifications for satisfactory No. 1, Crucible — 
Flake*. For the sake of emphasis they are summarized here. 

Dub suggested that a No. 1 flake is satisfactory, as regards carbon. 
content when the content of graphitic carbon is not less than 85 
per cent. Graphitic carbon is here intended to mean that carbon — 
which remains after burning a dried sample three minutes at 800° C. 

It is also suggested that 35 per cent of the product should remain 
on a 85-mesh standard screen, 30 per cent should pass through a 
35-mesh and remain on a 65-mesh standard screen, and the remaining 
35 per cent should be between 65 and 100 mesh. An allowance of 
3 per cent through 100 mesh could be permitted. . 

The aim of the investigation herein reported was to produce ma- 
terial of the grade outlined from the concentrates of graphite from 
the Alabama graphite fields. 


PRESENT PRACTICE, 


The production of crucible stock from the Alabama ores involves — 
two distinct steps. The first is a concentration process by which a 
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“See page 40 of this bulletin for “ carbon content” and page 39 for “ screen analysis.” 
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comparatively low-grade concentrate is recovered from the ore. The 
second step comprises the conversion of this low-grade concentrate 
into a high-grade material that will be satisfactory for crucible 
making. 

The first step, being simply concentration, need not be discussed 
here. The second step, finishing, as it is called, is much more 
difficult to carry out and is the one that demands the greatest 
amount of investigation and improvement. 

The present method of finishing the crude concentrate consists of, 
drying the concentrate, grinding the dried material in a buhr mill, 
and “bolting” or screening the ground product to remove the im- 
purities that have been crushed during the grinding. The theory 


is that the graphite particles, being tougher, smoother, and thinner 


than the impurities, will be rubbed and polished between the buhr- 
stones with a minimum reduction in size, while the impurities them- 
selves, owing to their more brittle characteristics and more massive 
structure, will be ground fine enough for removal by screening over 
a suitable cloth. 

The method is simple, and in fact, within certain narrow limits 
and under favorable circumstances, gives good results. As a gen- 


eral rule, however, two difficulties are encountered that interfere 


with its commercial success—the grinding often destroys a large 
proportion of the coarse and valuable flake and there is a lack of uni- 
formity in the finished product. The primary object of the present 


investigation was to determine the most efficient manner of obtain- 
_ ing the desired results and eliminating the troubles in the method 
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mentioned above. 


CONCENTRATES USED IN TESTS. 


As has been suggested, the problem involved is the treatment of 
the concentrates that are being produced in the Alabama district. 
Therefore, all of the work done during this investigation was on 
a series of representative samples from that district. 

The concentrates produced in the Alabama district differ widely 
in their physical characteristics and graphitic content. However, 
as the physical properties of the different minerals composing the 
concentrates can not vary to any considerable extent, a scheme 


_ worked out for any one concentrate can be applied, with only slight 


variations and adjustments, to the other concentrates. For this 
reason, and because of the numerous schemes tried in the limited 
time available for the work, it was impossible to conduct tests of 
all of the concentrates. Therefore, it was decided to select several 


of the most representative for investigation, and to determine the 


extent that the results obtained on these concentrates could be gen- 
eralized and applied to all, 
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Table 1 gives the results of screen analyses and assays of the 


different samples selected. 


TABLE 1.—Results of screen analyses and assays of different samples Slee g 





for experiment. 
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Carbon as-| Units of | Percentage 
Mesh page ag say (per carbon, of total 
y welgnt.| cent). | each size.c| carbon. 
oe A 
Seema teresa ORT gals Sisto pce een lee atie eae ae ey tater eee 
20 SPEEA Pe ee. as 1.1 74.8 82.0 1. 82 
ae spteteiniake epsiarate 5.4 60. 8 328— (exe 
3) pee ee = 14.8 53.6 793. 0 17. 60 
AS ois ae cial eee se 22.5 47.2 1, 062.0 23. 55 
65 Joo eee ese 21.8 44.4 968. 0 21.47 
100 Sse eae cse cee 17.4 44. 00 766. 0 16. 99 
GO SR SSE EE 8.8 43. 40 382. 0 8. 47 
Qn oe cece ee Ri 41.20 LIPO 2. 46 
ces200 36 SRE see 4.5 3. 60 16.0 135 
otaloars «See e5. -EEeee. ote eae Se 4, 608 99.98 
Sample 2 
1p aA INGE HOC 1.8 6.1 11.0 Al 
203 Seth esac 2.4 15.7 37.7 74 
D8 Sees eee eal 38.3 195.4 3. 81 
SOLES deteemiemines 10.2 51.9 529. 0 10. 32 
Age ie et amas 20. 6 56.7 1, 169.5 22. 81 
ees as ipa Re ter eam 22.6 58. 2 1,313.0 25. 61 
100.3 rn SS 24.7 55.2 1, 361.5 26. 55 
150. G2 2ees. EERE 8.8 46.7 407.0 7.94 
Dre aeemeeceine 1.4 46.8 65. 7 1.28 
== 200 2 fs,0 ae Sey ee 2.3 16.2 37.2 .73 
Totals po bwasse tes see ee Se 51. 27 5,427, 0 100. 00 
Sample 4 
DS ccsches tas. imps Ee Dhikaasih etuipicar de Bua aa a alae aa 
DO st TRS. 25438 CEP | (faaietiesd AIG iare hace 5 ect eck rs 3 
2 me ee eH oO) 24.0 12.0 5 uth 
Bt eee ges eS Ree 6.2 20.vi 128.0 3. 92 
AS! OM ae ee ee tee 16.1 25.9 417.0 12.79 
G52s5%. Rees s es 23.1 33. 1 765. 0 23. 46 
100.22 Ae 25.7 43.4 1,114.0 34.16 
TBO sree otters ae 16.1 49.1 780.0 23. 92 
LO Se eeate eats 4.0 56.1 22.0 . 67 
== 2) Se cemiee 6.5 36. 9 23.0 eral 
Motels sce dase ccs esi er oli eee ee 3, 261.0 100.00 
Sample 5 
HAY ence tec eoe es ee es Ss 
20 Se een ost ie ete aoe Ga Nae 
Ose ceive Nese tae 5.5 52.8 
OO eioerst duis s cee tis 14.3 69.6 
AR fa.2 aves Sek 25.7 72.4 
GSccr tte eacines 26.3 73.4 
LOQza se as eeamens 21.0 67. 4 
Tt A) iota gine terse 4.5 64.8 
200. Fone S85 Ss SO yet ne kee ewes 
= BO) ole'ala 5 aces ed 9 36. 0 
EOUA Sodio re lactose ae ccs aan eee 
Sample 6 
Lac victre ce jettareis Ghose pelo e ell anise te Stages = lama mere silaaue sdiceatenrens 
QU ac aisie'ssafok ee oe Notte wie sina tee tesecane meas telcos esecere 
OS iis k seb ee fatale 2.1 60. 2 
Bosse css eadiesce ss Hate 53. 6 
48. iv dce hse d's 16. 4 48.2 
Qos oe sata oe chin are 22.4 45, 2 
L002 ce ieee ses 24.5 ~30: 0 
LO Tote ccs rae w7a0 38. 4 
200 ross aye ree 4.0 39.0 
= 20035 cence sees 5.5 40. 4 
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a Column 2 X column 3, 


The characteristics of the samples were briefly as follows: 
No. 1. A fairly coarse concentrate assaying 48.95 per cent carbon. — 
No. 2. A coarse flake concentrate assaying 56.47 per cent carbon. 








REFINING ALABAMA FLAKE GRAPHITE. 49 


No. 4. A fine flake concentrate assaying 42.38 per cent carbon. 

No. 5. A medium coarse flake concentrate assaying 73.30 per cent 
carbon. 

No. 8. A medium coarse flake concentrate assaying 42.45 per cent 
carbon. 

As the work progressed, it was found that duplication of all of 
the necessary experiments on even this number of samples would 
involve too much time; hence two of the most representative were 
selected for investigation, and the conclusions drawn from the re- 
sults obtained from them were applied to the rest. The two samples 
ehosen for the work were Nos. 2 and 4, as they represented two gen- 
eral classes of concentrate—a fine and a coarse medium-grade ma- 
terial. 

PHYSICAL PROPERTIES OF GRAPHITE AND ASSOCIATED GANGUE 
MINERALS. 


It is evident that production from the concentrates described of 
a graphite stock containing 85 per cent or more carbon would first 
involve separation of the graphite from its contained impurities. 
This can be accomplished only by taking advantage of differences 
between the physical properties of the graphite and of the associated 
impurities. For comparison of the physical properties that might 
be utilized for this purpose they have been tabulated in Table 2, as 
follows: 


TapLe 2.—Physical properties of graphite and of associated minerals. 








Specif- Electro- 
Mineral. er ae Brittleness. Shape. Color. erie ae Cleavage. 
ity. ; ivity. : 


——————— EES ee a nas (eens! 


Graphite. 2.1 |1to2 | Not brittle..| Flat, tabu- | Dark gray | Good....| Metallic | One direc- 


lar plates. and black. juster. tion. 

Quartz...| 2.66 7 | Very brittle.| Massive, | Colorless, or | Noncon-| Glassy or | Practically 

granular, may be ductor.| vitreous. absent. 

orcompact.| any color. 

meMicac2.. 2.8 |2to 2% | Not brittle..| Thin, scaly | Colorless, or |...do..... Smooth, | Nearly per- 
plates.~ pale green glassy, or fect in 
to brown vitreous. one di- 

to black. rection. 








Some of these properties vary greatly, but others are closely alike. | 


‘Unfortunately the property of specific gravity, most often used in the 


separation of minerals, can not be used in finishing graphite because 


the weights of the various substances involved are nearly the same. 


On the other hand, properties that are the least often used in the com- 
mercial separation of minerals, for instance, electrical conductivity, 
are the properties. that show the greatest amount of difference and 
must be depended upon to give the best results. 

Thus the standard equipment manufactured for the separation of 
minerals, such as gravity tables, can not be used to the best advantage 
in finishing graphite. In fact, past experimental work with specific 

136651°—20-—4 3 
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gravity machines has substantiated this conclusion. Also, because — 
no satisfactory equipment has been developed to make a separation — 
by taking advantage of the little used physical characteristics, it 
was necessary to construct special apparatus. ‘ 


ASPIRATOR TESTS. 


Each apparatus investigated during this work uses the physical 
properties or characteristics of the graphite and gangue minerals as 
a means to accomplish separation. 

The first experiments were made to determine the possibility of © 
separating the graphite and gangue material by differences in specific © 
gravity and shape of the various particles. The apparatus first tried 
depends on the difference in specific gravity and the difference in 
‘shape of the various minerals to accomplish separation. This type 
of apparatus is already being used to a limited extent in Alabama — 
and is there known as an “ aspirator.” } 

The aspirator is fundamentally an air classifier. This name is— 
appropriate for the reason that the separation depends on the settling ~ 
rate of the different minerals in a current of air. 

The apparatus (Pl. I, A) constructed for the experiments was 
closely similar to those that are being used in the Alabama field at 
the present time. The material to be treated is fed from a hopper 
to a roller from which it drops into the large end of a long, sloping, © 
horizontally placed box. The roll feeder is arranged so as to feed 
the material in an even curtain across the whole opening: From the 
small end of the box a pipe leads to a suction fan. The box is 13.5_ 
inches wide by 12.5 inches high at the feed end, and 43.5 inches long. © 
The suction pipe is 31 inches long and 4 inches in diameter. 7 

Across the opening of the box and parallel to the ground line 
are four vanes or sand deflectors, placed at such an angle from the — 
teeth that any material fed from the roller when the air current ; 

off will be deflected to the outside of the box. 

"R or a description of the oper ation of the classifier see page 25. 

Several samples of the concentrates already described were tested 
with this machine, representative results of several runs being as 
follows: 


Graphite, 
per cent. 
Hea dS )s..01 424: Wee Leet etn Bel ie ee gee oe Bl, 2a 
Coneentrates:.¢4 ors © 2 ee si ee ee a ee 69. 23 
Patlings- 2.2 222 a a eae ee I ee ee 19. 08 


These results show a calculated recovery of 86.25 per cent of the bf 
total graphite in the concentrates produced. = 
The aspirator yields three products, as follows: Sand tailings,” 
which are recovered on the outside of the box below the feed hopper; 
coarse graphite concentrates, which are heavy enough to be carried 
into the box and are deposited there, and the pure, fine concentrate 
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that is too light to be deposited within the box, but is sucked through 
the blower and caught in a bag at its outlet. 

In the particular test described, 87.1 per cent of the concentrate 
was deposited in the box and the remaining 12.9 per cent was drawn 
through the fan. The former material assayed 68.4 per cent 
graphite; the fine material assayed 74.85 per cent. 

In order that the difference in the sizes of the various products 
made may be compared with the material before treatment, and with 
each other, the results of screen analysis and of assay of each of the 
sizes are given in Table 3 following. In this table the results for fine 
and coarse concentrates were combined. 


TABLE 3.—Results of screen analyses and of assays of aspirator concentrates, 
COARSE CONCENTRATES, 


[87.1 per cent of aspirator concentrates. ] 


















































Propor- C 
red Yarbon | Carbon, Total 
| Mesh. | ale 4 assay. units.« | carbon. 
; Per cent.| Per cenit. Per cent. 
ee A eae eee he ena od Mires 3 ee ea eR ey es Ee ee 
Aer ep Gare Sate, ere 0.4 83.7 33.5 0.49 
Daa at Se AMR ar BOP 2.6 89.0 231.8 3.39 
i eo he eee Se eae 8 10.6 87.4 926.5 13.55 
Zee Eee Bee 24. 4 80.8 1,972.9 28. 83 
; Oheres A ae 25. 4 69.0 | 1,753.0 25, 63 
1) es Se eee oe 28.3 62.0 | 1,756.0 25. 68 
POOCE ee Se Be ora cal 24.4 EUS. 2 2558 
BoE oN a Apts? ote A) 23.3 LS .17 
tA. See ache eee 5 23. 4 A115 .17 
Motad Suk 22 Ae F. 99.8 68.39 | 6,839.0 100. 44 
a Column 2 times column 3. 
FINE .CONCENTRATES. 
[12.9 per cent of aspirator concentrates. ] 
WS 505 1 eee Pn es INGME AGE SEES eT Peo Ske ross. 
Le Gee oe ee ee INI OMG a Ne rey nee [eee oe, ci emeee 
WS i i, SPRY ee DEP par Seen sas Lees ene 932 
BG ee 1.6 88. 1 141.00 1.70 
hy Ba) 110 RAS Tee Rea 9.2 90.3 831.00 19. 92 
GDRs Ste ach 24.1 87.8 |2,118.00 28.11 
TOO Se es Sas Ts ose 37.8 81.1 {3,063.00 40. 74 
LO esee ee ad toes os Paks, 62.8 {1,073.00 14.17 
1402 be CE 5 pe B2OrFi] 48.8 190. 00 2.36 
Sav OSs ents 2 tats me 5.8 29.2 169.00 2.08 
OGakeeere Se 99.5 74. 85 |7, 585. 00 100. 08 
ASPIRATOR TAILINGS. 
a: Ser, BA ek dg S28: 5, 00 4.1 20.5 1.05 
7S eet OE A a 8. 00 12.9 108. 2 5, 41 
Dah yee Pees 8): 12. 80 23.2 297.5 15. 59 
See Dee ee an 18. 50 26.9 498.0 26. 10 
fre eho BE ee Se eee eee 28. 40 24.0 681.5 35. 69 
Go eA eyes «cee 20. 00 done 264.0 13. 83 
LOOM eee So 22 6. 40 5.9 37.8 1.98 
LEO aR ISO 58 . 20 12.3 | 2.5 .13 
PAU es aa OE ee SL) lene acest ee oh eae eas Seas 
SO te Wee PS 30 - .20 Wid fo, 8.0 15 
pas | pe | es 
otal: ly. 222: 99.5 19.08 | 1,908.0 99. 90 
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It should be noted that the greatest concentration and improvement 
of product is in the coarser material of the coarse concentrates. The 
great difference between the carbon content of the material coarser 
than 150 mesh and of that finer than this size is very striking and also 
important. 

As regards the fine concentrates produced the large percentage 
(83.02), which is —48 mesh and +150 mesh, is noteworthy as is the 
high carbon content of the +200 material. 

Treatment of another sample, No. 4, in the aspirator gave the fol- 
lowing results, showing a calculated recovery of 96.2 per cent of the 
total graphite in the concentrates produced: 


Carbon, 

per cent, 
Teadsoe 0 Sh ee + te anes Sy Ue See 7 ae 42. 61° 
Goncentrates. = = ote ee ee ee eee a te ee ee 56. 62 
EPL eey © 2 os Sea he 9 ee pee ei oe eee 6. 03 


These results indicate that although some of the impurities can be 
removed with the aspirator, thereby materially raising the grade of 
the material, the application of this type of aspirator will never be 
general. 

it has long been known that the coarse sand particles cause the 
greatest destruction of the large flake in the buhr mill. When the 
concentrates carry a large proportion of sand particles of such a 
nature that the type of treatment described will raise the grade of 
the crude product to 70 per cent or better, the aspirator can un- 
~doubtedly be used to great advantage before treating the concentrates 
in the buhr mill. However, unless there is a comparatively large 
proportion of such impurities in the crude concentrate, the aspirator 
can not be used to the best advantage. The apparatus should cer- 
tainly not be incorporated in a finishing mill except after thorough 


and comprehensive tests to determine the results that can be obtained — 


by its use, and then only on the advice of a competeny engineer con- 
versant with the conditions that must be met by the installation. 

Probably the most potent reason for the comparatively poor results 
obtained with the aspirator was the wide variety in size of the mate- 
rial treated. When a current of air strong enough to remove the 
coarse graphite flakes from the feed was used, the fine sand would, at 
the same time, be drawn into the box with the concentrate. 

However, when the concentrates-are of low grade and contain a 
large quantity of coarse sand, treatment by such a simple process as 
the one just described is so advantageous that its use should be con- 
sidered, and when feasible, the designing engineer should include an 
aspirator in a projected plant. 


- 
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TESTS WITH PNEUMATIC JIG. 


The pneumatic jig was the next apparatus tested. Its construction 
differs greatly from that of the aspirator, although the principles 
involved in the operation of each are similar. As this equipment has 
been manufactured on a commercial scale for several years, its use 
would be advantageous when feasible, as a more simple and standard 
“Jayout” could be arranged than where improvised equipment lke 
that described was used. Both types would be simple to operate, the 
aspirator being capable of more sensitive adjustment. 

The jig used in the graphite tests is a small laboratory apparatus, 
built by the manufacturers of the standard machine, for laboratory 
experiments. Plate II, A, shows the jig as set up for work.. It 
comprises a small metal box, the bottom of which is made of a 
screen 3.25 by 2.5 inches. Air pressure of 2 to 4 ounces, furnished 
by a pressure blower or compressor is admitted to the bottom of the 
box under the screen through a small rapidly rotating valve. The 
rapid pulsation of the air, due to its passage through the valve, 
causes the material on the screen to remain in continuous agitation 
and partial suspension. Consequently, the coarse sandy impurities, 
being heavier, collect at the bottom, the lighter graphitic material 
being stratified above the sand. The jig is so arranged that opera- 
tion is continuous, the sand being constantly collected and dis- 
charged from one side, while the lighter graphite is separated above 
the sand and discharged from the top of the column and on the 
other side. 

Several tests were made with the jig, representative results being 
as follows: 


Results of two representative tests with pneumatic jig. 


Carbon, per cent— 
Sample 2.4 Sample 4. 


AOL ee ee ace ee ee ee SL eS AE hs Sa 51528 42. 61 
Conran iaicecite be Ser at tnd mer ht Sy Peed ier sen) = 69. 66 64. 13 
LNG) SO Sieh ne WR Cee eee aed lee ae an, an eile ee Dr 1d 3. 14 


It is seen that the recovery of clean tailings from the treatment 
of sample 4 was higher than from the treatment of sample 2. In 
order that the products after treatment can be compared with the 
original feed as to size and carbon content, the screen analysis and 
related data are given in Table 4 following: ; 





@A calculated recovery of 91.25 per cent of the graphite in the jig concentrate is in- 


dicated. | 
» A calculated recovery of 97.5 per cent of the graphite in the jig concentrate is in- 


dicated. 
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TABLE 4,—Results of sereen analyses and of assays of jig concentrate and. 
tailing. 
[Sample 4.] 
Concentrate. Tailing. 
Mesh, P p 
Oper | Carbon | Carbon, | Total TOpor-.’ Carbon | Carbon, | Total 
tion by | assay. | units.c | carbon, | On bY | acca units.c | carbon. 
_ weight. 5 : * | weight. y ; 

Per cent. | Per cent. Per cent. | Per cent. | Per cent. Per cent. 
Fan 2 A oe eee De Set a re eet Ned BPA my ah alice are at Sie 0.1! Bs Sead ee eee ee 
Oe ee own eee Sa ee eee cat a RS ee ee Pre ot epee ad ay NI 2.1 0. 66 
DSc cechisnes ooeeen eee 0. 4 80. 9 $2.5 0. 51 2.6 §.7 14.8 4. 63 
Dee a ee ek 78. 4 242. 5 3. 78 15.7 4.0 62.8 19. 65 
48 a tae Aye eee, Seo A 10.5 76. 4 802. 5 12. 51 28.6 | 3.4 97. 2 30. 42 
Se ee EE al eee EN 20. 8 69. 7 1, 450 22. 61 27.8 3. Lk 86. 2 26.98 
LOO Mee. eee 29.1 64.5 1, 875 29. 23 ES. 2.6 48. 6 Ts 21 
h 25 el aye eee A 3) ZEA. 62.6 1,322 20. 61 9. 8 8 TiSies 2. 44 
OD. Se eS eee §.8 Doak 319. 5 4.98 i Leia le avec el eeeetcaas ans Lae eet 
= LOO erro ee 9.3 | 39.8 370 mosh SO So te Re Be ee Bee es mills crcrafeeierarece 
Potal weil e 100.1 | 64.12 | 6,414 100. 00 99. 2 3.19 | po, eae | ae ae 














a “ Proportion by weight”’ times ‘‘carbon assay.”’ 


The results given in the table indicate that the air jig has practi- 
cally the same field of application as the aspirator, also that it can 
be made to produce a cleaner tailing than the aspirator, but the aspi- 
rator will give a higher grade of finished product. This condition 
will not, however, interfere with the jig’s usefulness, provided the 
material it removes from the crude concentrate is the coarse sand that 
causes the high loss of coarse flake in the buhr mill. An inspection 
of the various products of the jig will indicate that it does remove 
the coarse sand particles. 

Many of the remarks regarding the use of the aspirator apply also 
to the air jig. There is no question that under certain circumstances 
the jig can be made to do valuable work in the preparation of crude 
graphite for crucible making, but the character of the crude con- 


centrates themselves, and the other factors that enter into the com-. 


mercial finishing of concentrates must be considered before the jig 
be recommended for use in preliminary treatment. If the jig is used 
only to do that work for which it is particularly adapted, the removal 
of coarse sand impurities, its success is assured. 


TESTS WITH PEBBLE MILL. 


Probably the most striking characteristics of graphite flakes are 
their toughness and shape. In these two respects the flakes differ 


greatly from the impurities usually associated with the graphite in ~ 


the crude concentrates. It was hoped, therefore, that these prop- 
erties could be utilized in separating the graphite from the associated 
impurities, 
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It was thought that the coarse sand impurities, although much 
harder than the graphite flakes, were so much more brittle that the 
concentrate could be so ground as to reduce materially the size of 
the sand particles without causing a material reduction in the size 
of the graphite particles. A careful survey of the different classes of 
grinding machinery indicated that this operation could be carried out 
with greatest chance of success in a mill of the ball or pebble type. 

The difference in the specific gravities of the two materials was 
also a reason for believing that this sort of selective grinding could be 
done. It was thought that under the correct conditions of dilution 
the heavier sandy material would tend to classify in the bottom of the 
charge among the grinding balls where it would be ground more than 
the graphite, which, because of its lighter weight would tend to 
segregate higher m the charge and out of the grinding zone. Such 
a separation corresponds closely to that in a hydraulic classifier. 
The results obtained from experiments proved that in most particu- 
lars the assumptions were fundamentally correct. 

After a treatment such as suggested, which would produce a pro- 
duct with the sandy constituents ground finer than the flake graphite, 
two methods of separating the sand and graphite are available 

One of the methods is by screening. Experiment showed that 
after such grinding, the grade of the original material could be 
raised 25 per cent or more by simply passing the ground concentrate 
over a 100-mesh screen. It will be recalled that 100-mesh material 
is the smallest size that can be satisfactorily used in crucible making. 

The other method is by flotation, the process by which much of the 
erude concentrate produced in the Alabama field is made. Tests 
revealed that in order to recover the coarse flake in the ore by flota- 
tion, it was necessary to make a fairly low grade concentrate. The 
reason seemed to be that some of the silicious material was porous 
and sponge-like in structure, and contained quantities of entrained 
air which invariably caused the sand to float with the carbon. 

Wet grinding of the concentrate in a ball mill tended to break 
up the pumice-like silica and to elimimate the entrapped air. When 
this had been done, the silica did not float as readily as before. 
Therefore, after grinding, the concentrate can be refloated and its 
grade raised to a degree corresponding to the amount of the spongy 
sand removed, 

A small laboratory pebble mill (see Pl. I, B, p. 50) was used in the 
erinding tests. The charges consisted of 50 per cent water and 50 
per cent erude concentrate. The grinding periods varied, but at first 
were of 30 minutes’ duration. 

A certain sample contained 90 per cent of the carbon as instore 
coarser than 100 mesh which assayed 53.9 per cent carbon before 
erinding. After grinding in the pebble mill, 81 per cent of the 
carbon still remained on a 100-mesh screen as material which assayed 
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61.3 per cent carbon. These results indicated that a decided improve- 
ment had been made in the grade of the material coarser than 
100-mesh, with a loss of only 9 per cent of the valuable coarse flake. 

On the strength of these results, it was decided to make a series 
of tests under the conditions already described, but varying the 
length of the grinding period in each test. The results of this series 
of experiments are given in Table 5 following: 


TABLE 5.—Results of grinding graphite samples in pebble mill with equal parts 
of water. 





Carbon remaining on 
100-mesh sereen, 





Grade of 
Time of | concentrate 


grinding | (percentage) Percentage | Percentage 
(hours). jof carbon in| of total of +100-- 





ad 100-mesh carbon of mesh 

material). | original | carbon in 

sample. original 

sample. 

Sample 2........ 0 53.9 90. 60 100. 00 
4 61.3 81. 00 90. 90 

3 77.6 80. 60 89. 60 

1 81.7 83. 30 *92. 50 

1} 79.8 81. 40 90. 40 

14 81.4 72. 60 80. 60 

2 &2.1 67. 40 74. 80 

Sample Ae 0 47.9 80. 5 100. 00 
i 70.6 65.9 81. 80 

3 74.6 62. 7 77. 90 

1 81.4 62. 5 77. 60 

11 75.4 58. 7 72. 90 

14 80. 5 59.3 73. 60 

2 82. 4 ole t 63. 50 


The results are plotted in figures 16 and 17. The figures show 
that aw correct time for Se git under ee fone Cins oH cong set 
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FicurE 16. Gas showing results of grinding sample 2 3 in 1 pebble aly ond thi equal parts 
of water. @, Recovery; b, carbon 










of experiments, is the time that will produce the highest grade 
of +100-mesh material with a minimum destruction of the flake 
«hat originally existed in the concentrates coarser than 100 mesh. 
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On the curve this point will be at the intersection of the line 
representing the assay of the +100-mesh material with the line 
representing the recovery of +100-mesh carbon. For sample 2 
the time is about one hour, whereas for sample 4 it is about 30. 
minutes. 


Be wiee 
REECE Ha E RE 







See. SUESEceee 
) nS eee 
eas 






Ficurp 17.—Curves showing results of grinding sample 4 in sais mill with equal parts 
of water. a, Caiions b, recovery 


Tt is evident from these results that the conditions that give the 
_ best results will vary with the physical characteristics of the crude 
concentrate itself, and must be determined by actual experiment with 
the material that is to be treated in the commercial plant. 
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Figur i8.—Curves showing results of grinding sample 2 in a pebble mill with different 
percentages. of water. a, Recovery; b, carbon. 







In order to determine the effect of varying the amount of water 
in the pebble-mill charge, several tests were made, with sample 2, 
the other conditions being similar to those that had been proved 
to be the most satisfactory in the previous series. The results of 
these tests are shown in Table 6 following and in figure 18. The con- 
centrates were fed to the mill at the rate of 400 grams per hour. 
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TaBLeE 6.—Resulis of grinding graphite sample 2 in pebble mill with different 
percentages of water.® 


Carbon remaining on 
Grade of 100-mesh screen. 
concen- 
Quantity | trate (per- Water in 
of water | centage of | Percentage | Percentage} mill pulp 
used (¢.¢.).] carbon in of total of +100- | (per cent). 
+100-mesh | carbon of | mesh car- 
material). original | bon of orig- 
sample. |inal sample. 


0 53.9 90. 00 100. 00 0.6 

. 300 77.6 73. 81.90 42.8 
400 81.7 83.3 92.50 50.0 

500 83.5 87.0 96. 60 55.55 

600 85.0 84.50 93.30 60.0 

700 84.1 83. 40 92. 50 63.6 

800 84.7 85.10 94,50 66.6 


a See also figure 18. 


Figure 18 shows that no improvements in the results are to be 
noted after a dilution of 60 per cent water is reached. In this ex- 
periment the grade of the +100-mesh material was raised from 53.9 
per cent carbon to 85 per cent carbon, with a loss of only 7 per cent 
of the carbon that was coarser than 100 mesh before grinding. 


DISCUSSION OF PEBBLE-MILL RESULTS. | 


In summarizing the results obtained by the pebble-mill grinding, 
it may be said that the apparatus, when operated under the condi- 
tions that have been determined to be the most satisfactory, will 
raise the grade of the +100-mesh material in a crude concentrate to 
such a degree that the following buhr-mill grinding can be carried on 
to give the maximum results possible with it. At the same time, the 
results indicate that the pebble mill can not be used to produce a - 
finished grade of product. In other words, the pebble-mill grind- 
ing should be used only as a step in the process, and preparatory 
to treatment in the buhr mill. 7 

The-choice of method of removing the impurities that are ground. 
in the pebble mill will depend on the character of the concentrates 
that are being treated and other conditions that will be encountered 
in the commercial finishing plant. 

The results obtained in the experiments here described indicate 
clearly that pebble-mill grinding has « wide field and can be made 
to produce favorable results even under the most adverse and difli- 
cult operating conditions. 


TESTS WITH ELECTROSTATIC SEPARATOR. 


i Dieta te 


A la gs Pea eg dapat 0. 
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The great difference between the electroconductivity of graphite 
and that of the principal impurities associated with it in the crude— 
concentrates early suggested that a method of separation based on_ 
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electroconductivity might be developed. Such a method has already 
been tried to a certain extent in the Alabama field, but the results 
in general have been unsatisfactory. | 

However, m one part of the Alabama district producing concen- 
trates high in mica but very low in iron, the process worked well on 
a commercial scale and is being used there at the present time. Such 
material is particularly adapted for electrostatic treatment; hence 
the process gives satisfactory results, althongh certain changes in the 
separator as originally designed were made in order to overcome in- 
herent mechanical defects. As this condition was only local, how- 
ever, electrostatic separation was never successfully used in the rest 
of the district. 

Improvements in the concentration mill made possible the produc- 
tion of concentrate carrying so much less iron that it was thought 
that the iron would no longer be a determining factor, and that hence 
the electrostatic process should offer much more chance for success 
than previously. Thus, in order to use this method of separation, 
it seemed necessary only to construct a machine that would eliminate 
the mechanical difficulties previously encountered in the operation of 


_ this type of apparatus. 


With this end in view, a series of experiments was made with a 
large machine of the type at present on the market, in order to deter- 
mine definitely the reason for its previous failure. However, with 
this machine the separation was not satisfactory. The poles of the 
machine are so arranged that the graphite particles receive a certain 
charge from one pole and are thrown into the field of the opposite 
pole; then the charge first obtamed is neutralized and the particles 
are thrown in the direction of the first pole. Consequently the ma- 
terial progresses through the apparatus in a zigzag path, first in one 
direction and then in the opposite, with the result that no separa- 
tion of the graphite from the nonelectroactive particles is obtained. 
The sand and other impurities, not being affected by the charges 
acting on the graphite, fall directly through the machine. There- 
fore, the graphite will be separated from the impurities while pass- 
ing the first pole, but on passing the oppositely charged pole will be 
thrown in the opposite direction and into the sand from which it has 
just been separated. Eventually the mixture is discharged prac- 
tically unchanged from its original state. 

The experiments demonstrated that in order to overcome the 
faults mentioned it would be necessary so to design a machine that 
when a graphite particle had received a charge of a certain sign, it 
would carry this charge unneutralized, and not be forced in the 

opposite direction and lose its tendency to separate. 
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Many experiments were made with this end in view, and two 
types of apparatus were constructed. It was found possible to build 
a machine of such type that only one set of poles would tend to 
impart a charge to the graphite particles; these would be repelled - 
directly into the concentrate hopper and given no chance to be 
neutralized and thrown back into the impurities. 

Figure 19 shows the principal details of the separator as finally 
constructed, and indicates the manner of its operation. A view of 
the separator as set up ready for work is shown in Plate ITT. 

The material to be treated is placed in the hopper at the top of 
the apparatus and is fed from the hopper by a roller in the bottom. 
The graphite first strikes one of the inclined planes that carries a 
weak, negative charge. While the graphite is on this plane it there- 
fore receives also a weak, negative charge. As the plane and the 
graphite both have the same charge, the graphite will be repelled 
and will jump from the negative vane into the field induced by the 
positive vanes. On coming into this opposite field, the graphite 
gives up its weak, negative charge and receives instead a much 
stronger positive one, which in turn causes it to be repelled violently 
from the positive plate and through the openings shown between 
the electrodes. After having passed to the back of the plates the 
graphite is free to fall directly into the concentrate hopper at the 
bottom of the separator. 

The sand and mica, being much poorer conductors of electricity, 
receive such a weak charge from the negative plate on which they 
first fall that they are not repelled into the strong, positive field, 
but simply slide from one negative plate to the next and so on down 
through the machine until finally discharged into the tailings hopper 
at the bottom of the apparatus and in front of the concentrates 
hopper. ) 

The electrical equipment used to operate the separator consisted 
of a 5-k. v. a. transformer designed and built as an oil-testing trans- 
former. -It is equipped with a hand-operated voltage regulator so 
arranged that the voltage can be varied from zero to the maximum. 
While the transformer has a secondary voltage of 50,000 volts, only 
half of this is available for rectificaticn as the center of the second- 
ary coil is permanently grounded to the transformer case. — 


The rectifier is of the mechanical type. It consists of a rotating _ 


disk driven by a synchronous motor. Stationary shoes and revolving — 
electrodes on the disk make and break the circuit so as to rectify 
alternating waves. This arrangement gives a unidirection pulsating 
current necessary for the operation of the machine. Figure 20 shows 
the wiring diagram of this equipment. 
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VFicurRn 19.—Electrostatic graphite separator designed by Bureau of Mines. 
rectifier; b, to ground; ¢, tailings; d, concentrate. 
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The table follewing gives a series of readings taken while the) 
electrostatic separator was operated at the various voltages used in| 
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Ficurp 20.—Wiring diagram of electrical equipment used for electrostatic graphite. 
separator designed by the Bureau of Mines. 


testing. This table shows that only 200 watts is required to operate 
the apparatus at the highest voltage. This is equivalent to only 
0.87 k. v. a. 


Resulis of transformer readings taken in electrosiatic-separator tests. 





| ’ Primary coil. Secondary coil. 














Volts. | Amperes.) Watts.’ He: Volts 
446 2.22 2.12 0. 21 27, 900 - 
440 1.95 2.00 .30 27, 500 
420 1.61 1.96 29 26, 250 
388 £515 £.52 34 24, 200 
360 .90 1.32 40 22, 500 
279 "50 | 72 





The equipment (5 k. v. a.) is therefore large enough to operate a 
battery of six machines of the same type and size as the one 
described. Obviously the cost of power for the concentrating of 
graphite by electrostatic means will be small, an important con- 
sideration where power is costly. 

After the completion of the equipment just described, a series of — 

; 
tests was made with the various concentrate samples in order to de-— 
termine the efficiency of the device and the limitations of its use. 


- 
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The voltage used in all of the tests was 28,500. The table following 
shows the results obtained in the treatment of the various samples. 


Results of o +s with eiectrostatic separator. 
aS 














arias 11 Percentage of 
| een Percentage of graphite in aeteanWrnteg == 
Sample No. 
Coarser Finer 
Feed. sone: Tailing. than | than 
ea 100 mesh.| 100 mesh. 

‘Lees Fe ne 48. 95 59. 02 25.16 61.5 24.2 

Yara venient ide eet ee 51. 25 74. 23 13. 90 75. 8 59.8 

Die ON a Neate Von B72 51. 23 78. 81 19. 04 80. 2 61.6 

Ze doa A iced 42. 61 68. 58 8.30 Vile! 24.6 

BARE ee CN See 42.61 TUS a ace Meese 80.6 65.2 

rt ee ae dg 81.2 SO, Miko, oe ars: 88.5 60. 4 
Buhr mill: 

Sp ef 48.95 64. 00 25. 00 66. 2 58. 4 

Dace eee cee 73.80 83. 0 52. 80 63.2 one 

(5 ectees Sa  eae 42. 60 71. 20 15.60 i6 71.0 

Seen eee ae 42.45 67. 20 17. 80 77.4 62.4 

| TENSE, Ein. Rennes 40. 44 80. 40 33. 00 81.6 72.4 








The results obtained with the electrostatic separator can be con- 
sidered most satisfactory for two reasons. The tabulated results 
show that in every test the grade of the concentrates was consider- 
ably higher than the material fed to the machine. This improve- 
ment was accomplished without grinding, a step that will, in spite 
of all precautions, cause a certain reduction in size of the original 
coarse material in the crude concentrates. 

In each of the eleven tests, except one, the concentrates were in- 
creased in grade by 10 to 40 per cent carbon. The proportion of 
carbon remaining in the tailings of the electrostatic separator varied 
greatly, but this variation was due, in almost every instance, to the 
carbon that is too fine to be acted upon by the apparatus in the most 
efficient manner, or to the variation in the number of flakes of graph- 
ite attached to pieces of sand Jarge enough to cause them to be drawn 
into the tailings. Obviously the degree of variation will depend on 
the condition of the concentrates themselves and not on the treat- 
ment to which they are subjected. The photomicrographs presented 
in connection with the discussion of flake structure on pages 66 to 67, 
show this condition clearly. 

As the value of graphite flake for crucible making depends on 
the assay of the material that is coarser than 100 mesh, the value 
of any plan of treatment will depend on the grade of this 100-mesh 
material produced. For this reason, the assays of the 100-mesh 
part of the concentrates are given, as well as the assays of the whole 
product. The results of the +100-mesh assays show that out of the 
eleven tests reported only two of the +100-mesh concentrates con- 
tained less than 70 per cent carbon, while seven of the number con- 
tained more than 75 per cent graphite. Such results were especially 


~ 
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satisfactory in view of the fact that the concentrates had not been 
eround, with the consequent loss of coarse flake always resulting 
from a ‘te eatment of this nature. 

It was found necessary to give the concentrates two treatments 
in the electrostatic separator in order to obtain optimum results. 
This requirerneny could be met in a commercial installation in one 
of two ways—by installing twice the number of separators required 
for a single treatment or by constructing apparatus containing twice 
the number of poles in the experimental equipment. It is probable 
that the latter method would prove the more satisfactory. 


SUMMARY OF RESULTS WITH ELECTROSTATIC SEPARATOR. 


Tlie results obtained with the electrostatic separator prove con- 
clusively that electrostatic separation can be successfully used in 
the finishing of graphite. They also indicate that the separators 
on the market at present will have to be changed in certain respects 
in order to make possible the obtaining of satisfactory results by 
their use. The results also seem to prove that the apparatus has a 
wider application than is possible with any of the other devices 
tested, with the possible exception of the buhr mill. 

The electrostatic process seems also to be the most economical, as 
the cost of power is low and the loss of coarse and valuable flake 
is small. 

At the same time, it is to be expected that, although the device 
will invariably improve the grade of the concentrates treated, it 
will not yield a finished product containing 85 per cent carver! 
which is satisfactory for crucible manfacture. 

However, the improvement in grade of the concentrates tested 
was so great as to indicate that electrostatic separation will, with 
few exceptions, produce a feed for the buhr mill that will be ideal 
for that apparatus to finish to the crucible requirements without ex- 
cessive loss of coarse flake. The removal of the coarse sand was 
almost complete. 

The results already given show that although the electrostatic 
separator will benefit the concentrates the degree of beneficiation 
will vary. Seemingly, the degree of variation depends on the physi- 
cal condition of the concentrates themselves previous to treatment. 
In other words, the results to be obtained with this separator, like 
those with any other type of equipment, will depend on the concen- 
trates themselves. Hence there can be no doubt that conditions will 
sometimes be met under which this type of treatment would not be 
as satisfactory as some other that might be developed for the re- 
moval of the coarse sand. However, the process has a more general 
application than any of the methods described thus far. 
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FLOTATION AS A FINISHING PROCESS. 


Flotation as a process of concentrating the graphitic content of 
ores has been used for some time and with a fair degree of success. 
- For this reason and because graphite has a much greater tendency 
to float than the impurities that are usually found associated with 
it the idea of refloating the concentrate to remove the impurities 
before buhr-mill treatment was suggested. 

There are two primary reasons for thinking that double flotation 
could be used in this connection. The first is the law of concentra- 
tion that the grade of the concentrates produced by a concentration 
process will vary directly with the richness of the feed being treated. 
As it is possible to produce a 45 per cent graphite concentrate from 
ore carrying only 3 per cent graphite, it is reasonable to believe that, 
under the proper conditions, it should be feasible to make a concen- 
trate carrying, say 70 per cent or more of graphite from a feed 
carrying 40 per cent or more of graphite. 

The other possible reason for the success of flotation has already 
been suggested in the discussion of the use of the pebble mill. The 
point in mind is the porous condition of much of the silicious ma-- 
terial that is found in the crude flotation concentrates. It was be- 
lieved that if the concentrates from the first flotation treatment 
were to be ground or given some other treatment by which the sand 
could be reduced in size sufficiently to liberate the entrained air this 
siliceous material could be largely removed by a second flotation 
treatment. 

FLOTATION TESTS. 


In order to prove or disprove these assumptions, three tests were 
made with a sample of flotation concentrate. One of these tests was 
made after the sample had been ground in the buhr mill, one after 
a treatment in the pebble mill, and one with material just as re- 
ceived without any treatment preliminary to the refloating. 

The results obtained by this series of tests were as follows: 


Results obtained in three reflotation tests. 














Graphite in— 

Bere Sa ea ne Recov- 

te) efore refloating. é : ery. 
Heads. eae Tails. 

Per cent. | Per cent. | Per cent. | Per cent. 
Dee se NONC iz ascites ss 51. 23 67.35 10.8 93. 7 
PUSS ag ee Time wees es kt 51. 23 80. 73 Oil 98.5 
Pam We Pebble mill............ ROR} 83. 40 5.6 97.7 





These ‘results make it evident that simple reflotation, without a 
preliminary treatment, will materially raise the grade of the prod- 
136651°—20——_5 
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uct, and give a high recovery of the carbon content of the feed. 
However, as would be expected, the results do not indicate that simple 
reflotation would be satisfactory 1n commercial practice. 

As regards reflotation following treatment in buhr or pebble mills, 
the results are such as to justify its adoption in a commercial in-. 
stallation. ; 

Both the mechanical and the pneumatic types of flotation ma- 
chines were used in the tests and, as far as could be noted, neither 
of the machines showed an advantage over the other. 

Several oil mixtures were used. A mixture of 2 pounds of No. 
17 oil and 0.75 pound of No. 5 oil, both made by the General Naval 
Stores Co., was found to be satisfactory in each test. 


A series of tests was also made with sample 2 in order to deter- 


mine the different results that could be obtained with different oil 
mixtures and various periods of agitation. These results are added 
for general interest, and to show what poor results can be obtained 
from a sample, by inefficient operation and incorrect conditions, as 
compared with the satisfactory results possible under proper con- 
.ditions. 


Results of refloating crude concentrates. . 




















| 7 | 
| Percentage of graphite in— Age ee 
Sample | Preliminary treat- a0 te 
Ne. pene re oe Coarser | Finer 
Heads. Tatas Tails. | than 100 | then 100 
‘ mesh. mesh. 
Pe Ae Bubr milla eee a 51. 23 84.24 39.3 88. 00 70.5 
Ea ily nari Ocencdeee nme 42.61 69.69 2.5 73.9 63.1 
Bax ouster. Damitceeede eet: 51. 23 80.73 2.1 82.7 67.6 
1 ait Pebblemill. 7.2 .;... 51. 23 So:10 Bess Bee 86.0 77.1 
Dy ea one. ¢75.¥... eee 51. 23 67.35 10.8 68.4 59.3 
at Pebble mill. ........ 51. 23 87.6 1.5) cone oc week tenes 
y Pe a Oe ier Cae eet ak «Sets 51.23 76.27 17.68 78.6 49.0 
oe eee ee ogee ss eee 51.23 83.4 SiO Rca esmoslas eee aaa 











In discussing the use of flotation, it might be said that the process 
when used to treat concentrates that have been previously ground, 
for instance in a pebble mill, will produce a material that will be 
particularly amenable to the final treatment in a buhr mill. The 
results indicate that supplementary treatment will be necessary to 
produce material containing the required 90 per cent graphite. 


THE BUHR MILL; ITS PLACE IN GRAPHITE FINISHING. 


The function of the buhr mill has been previously discussed in this 
report. The action of the machine has also been suggested, with the 
two principal reasons for unsatisfactory results under certain con- 
ditions, namely, lack of uniformity in the product finished by it, and 
the excessive destruction of flake sometimes attending its use. 
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~ During the comparatively long period that this machine has been 

used to finish graphite, methods of overcoming inherent difficulties 
in its use have become evident. One requirement is that the concen- 
. trate be of comparatively high grade before grinding in the buhr 
mill. With such material, no difficulty is encountered in consistently 
producing a crucible stock assaying'90 per cent graphite, provided 
the other conditions are correct. 

In order that the excessive destruction of coarse flake incident to 
_ buhr mill grinding may be eliminated, it is necessary only to remove 
the coarse, gritty particles, or at least those coarse enough to require 
a large amount of grinding in the buhr mill. 

Stated simply, when the buhr mill is used principally as a grind- 
ing machine on low-grade material, the grade of the product result- 
ing can not be depended upon, and an excessively large proportion of 
the flake will be ground to dust. When, on the other hand, the ma- 
chine is used only as a polishing or buffing machine, it can be trusted 
to give satisfactory results. 

As already mentioned, the limitations of the mill were realized 
early in the progress of the work, and the experiments were con- 
ducted accordingly. Most of the products resulting from the various 
treatments contained less than the required 90 per cent of carbon and, 
therefore, could be used by the crucible makers only after a treatment 
in the buhr mill, to bring them to the necessary grade. 

A view of the buhr mill used in the experimental work is shown 
in Plate II, B (p. 53). 


RELATION OF FLAKE STRUCTURE TO FINISHING. 


In order to show more clearly the truth of the assumptions 
previously stated, microscopic studies were made of graphite flakes, 
both before and after finishing. Also a series of microphotographs 
were made of this material. Four of these are reproduced in Plates 
IV and V. 

The photographs show that the flakes were composed of series 
of thin laminations or plates of graphite, interbedded with thin 
pieces of quartz, mica, and other impurities. In some material these 
impurities were seen to be entirely surrounded by the carbon. 

In order to determine the proportion of the impurities held in 
this manner, flakes of seemingly pure graphite, as it occurs naturally 
in the ore, were carefully picked by hand from the crude concen- 
trate and assayed. In selecting the sample, special care was taken 
that nothing but the free, natural flakes were obtained for assay. 
The sample obtained in this manner was then carefully assayed, 
with the following results: Moisture, 1.26 per cent; carbon, 90.2 
per cent; ash (impurities), 8.54 per cent. Examination of the ash 
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under the microscope showed that it consisted principally of mica 
with some quartz. This experiment indicated conclusively that 
impurities are imbedded between the laminations of the graphite, 
and also that the removal of all impurities not attached to. the 
graphite flakes would give a finished product assaying only 90 per 
cent carbon. A 

This figure is, then, close to the limit of graphitic.content possible 
in a finished material, even after treatment by a perfect finishing 
process. | ‘ 

Kvidently the interlaminated impurities must be freed from the 
graphite flakes before they can be removed from the crude concen- 
trate, and the only feasible method of accomplishing this is by sepa- 
ration of the graphite flakes into their individual laminations. It 
follows that the more there are of these interbedded layers to be re- 
moved, the greater will be the number of plates into which the flakes 
must be subdivided. Also, the greater the number of plates made in 
the treatment, the thinner they must be and, hence, the smaller the 
average diameter will tend to be. 

We have seen that the value of the graphite for crucible manutac- 
ture depends largely on the diameter of the fiakes composing the 
crucible stock. Therefore, if all of the interbedded impurities are to 
be removed, the resulting flakes will be so thin and of such small di- 
ameter that the value of the graphite for crucible making will be 
lessened. 

Theoretically it would be possible so to separate the flakes into in- 
dividual plates by buhr-mill grinding as to make a finished product 
in such a fine state of division that it will be valueless. Hence, the 
degree to which the finishing can be accomplished in a commercial 
plant will depend on the number and the characteristics of the inter- 
bedded impurities in the crude flakes. These factors will also de-— 
termine the amount of grinding that is permissible in the buhr mill 
to permit removal of impurities, and will determine the grade of 
finished product that will be produced by a definite amount of. such 
grinding. The proportion of dust produced will also depend on the 
same factors. ae 

In other words, the interbedded material is the important factor 
in determining the economic possibilities of the finishing process. 
If the flake graphite contained in a certain crude concentrate is of 
such a nature that, in order to produce 90 per cent carbon in the 
finished product, an undue proportion of the carbon coarser than 
100 mesh is destroved, obviously the product will not be satisfactory. 

There is no doubt that the buhr mill is the best commercial appa- 
ratus that has been developed to date for separating the flakes of 
eraphite into their individual Jaminations and at the same time re- 
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ducing the freed impurities to a size permitting their removal by 
screening or bolting. 

Several important features must be considered in grinding graph- 
ite concentrates in a buhr mill. The first point to be emphasized 
is that in order to produce a good crucible stock it is necessary to 
do more than remove the gangue present in the crude concentrates; 
it is also imperative that impurities interfoliated between the graph- 
ite laminations be removed. Clearly, in order to remove such im- 
purities, some sort of grinding or rubbing process must be used, 
and, preferably, this should follow the removal of superficial or in- 
cidental impurities, so that these can not act as abrasive on the 
graphite flakes during the grinding. 

From a survey of the grinding or polishing apparatus available, 
the conclusion is reached that the buhr mill is peculiarly adapted 
for this work, and that it is the only machine that can be depended 
on to do the required work in a satisfactory manner. 

The results of the experiments indicate that the efficiency of the 
buhr mill, and hence of the whole finishing process, will depend on 
the character of the material that is being ground, and this in turn 
will depend both on the character of the flakes as they occur in the 
ore and on their treatment previous to grinding in the buhr. mill. 
No hard and fast rules can be prescribed for the treatment of any 
particular concentrate, but in order to determine the most efficient 
treatment, it will be necessary to ascertain by experiment the best 
system to be followed. 

The discussion indicates that satisfactory results depend on so 
many and such varied factors that undoubtedly there are certain con- 
centrates produced from particular ore that can not be made into a 
crucible stock at a profit. Hence, it is true that although the equip- 
ment, the process, and the skill used in operation are all important 
for successful results, there is the added necessity that the flake itself 
meet certain requirements. 


IMPURITIES IN GRAPHITE. 


In order to learn more of the chemical nature of the impurities 
that were encountered in the crude concentrates, and in the finished 
graphitic material, chemical analyses were made of ash samples from 
‘some of the representative graphite samples. The results are pre- 
sented in the table following. 
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Results of analyses of samples of graphite ash. 


Ashifrom {| Ash from 
sample 2 | sample 2 
after speciallafter special 
treatment.|treatment. > 


Ashfrom | Ash from 
Constituent. graphite graphite 
‘sample 2. | sample 4. 





Per cent. Per cent. Per cent. Per cent. 











Ble! cede. spat Als ot 65. 80 78.71 45.46 51.80 
lg Op aceaeesclaiec re 20. 53 11.45 36. 90 33.75 
bys Ws cta sates Ween 10.77 8.65 14.00 11.85 
Epeeeacinnggcose ar 80 73 -75 67 
NasO and K:0...... 2. 46 Arpt 2. 68 2. 54 
Potalesncy-cxee 100. 36 100. 25 99.79 99.91 


| 
a Treated in electrostatic separator and in buhr mill. 
> Treated in buhr mill, given flotation treatment, and again put through buhr mill. 





These results indicate that the finishing process tends to remove 
the silica but causes the alumina to be concentrated. This is, of 
course, due to the removal of the silica in a greater proportion than 
the mica, which contains the greater part of the aluminum oxide. 
This result is to be expected for the reason that the silica can be 
more easily ground because of its more massive form and brittle 
character. 

It should be mentioned that mica, because of its flat shape and its 
toughness, is probably the most difficult impurity to remove in graph- 
ite refining. 


RESULTS FROM COMBINATION OF VARIOUS TREATMENTS. 


After considering the various apparatus that might be used in 
the production of crucible stock from crude concentrates, and a few 
of the factors that might be expected to affect the results, experi- 
ments were made to determine the results that could be obtained by 
logical combinations of the various schemes and apparatus. 

The results already obtained indicated that two general schemes 
could be developed for a complete finishing process to produce cruci- 
ble stock from Alabama concentrates. One of these schemes may be 
termed a wet process and the other a dry process. 

The dry process is rather simple and involves only a treatment of 
the crude concentrate in the electrostatic separator, followed by 
grinding in the buhr mill and screening. The coarse sizes from the 
screen constitute the finished graphite suitable for crucible manu- 
facture and these were found to carry 90 per cent carbon and flakes 
of the correct size for crucible manufacture. 

The wet process is also simple, though involving one more step 
than the dry process. Wet concentrates are used in each step of 
this process, except that in the last step, grinding in the buhr mill, 
dry concentrates are used. Thus, the wet process should offer some 
advantages over the dry process. The wet concentrates are ground 
in the pebble mill for a period of time previously determined to be 
correct. The ground material is then floated in a standard flotation 
machine. ‘The concentrates produced are dried and reground in the 
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buhr mill, after which they are screened. The screen used is 100 
mesh and the oversize is the finished crucible stock. 

A test of the dry process was made with sample 2, which assayed 
. 51.23 per cent carbon. The material was twice treated in the electro- 
static separator, a small.sample was cut from the concentrates for 
analysis, and the remainder ground in the buhr mill. The product 
from this grinding was then screened and assayed. The whole prod- 
uct from the electrostatic treatment assayed 74.23 per cent carbon; 
the +100-mesh material contained 75.8 per cent and the —100-mesh 
substance, 59.8 per cent. The whole product from the grinding in 
the buhr mill assayed 78 per cent carbon; the —100-mesh material 
showed 45 per cent carbon, and the +100-mesh product, or crucible 
stock, 90.5 per cent. The total recovery of graphite in the finished 
crucible stock was 83 per cent of the graphite in the original sample. 

The product obtained by grinding the concentrate from the electro- 
static separator in the buhr mill was submitted to screen analysis and 
assay with the following results: : 


Results of wse of electrostatic separator and of buhr mill. 

















Percentage] Carbon Units of | Percentage 
Mesh. ofeach size,| assay. carbon, of total 
by weight. | (per cent). | each size. | carbon. 

til Sa aera Ret So Soe ee Bel Same oes = tM Been eee 

nD ies setae es DOR Ge eR eclc ee ite |e Be) De ae a 
DRee Bsc. fe 0.9 92.8 83.00 1. 06 
Boe ena 5.1 91.8 468. 00 6. 00 
AR Foon nk 15. 2 91.4 1, 388. 00 17. 80 
Gbsees- Sse 23.0 90.1 2,054. 00 26. 30 
LOD Sco exiae 26.3 86. 2 2, 265. 00 29. 00 
LDOReweeee 13.8 85.6 1,181.00 15. 10 
D20Oe = = maa: 4.3 39.8 171. 00 2. 20 
—200........ 10.8 17.4 188. 00 2.41 
Total 99. 4 | 78.4 7,798.00 99, 87 





@ Product of column 2 times column 3. 
b Results obtained by dividing figures in column 4 by sum total of column 4. 


The following tabulation shows calculated results based on the 
foregoing data and also the results of actual analyses: 


Selected data showing results of use of electrostatic separator and of buhr mill. 





Percentage} Carbon é Percentage 
Material. of final assa eee of total 
“product. | (percent). | ~ ; carbon.) 
Calculated results: 
Crucible stock (material 
Over 100:mesh)2_. 20s: 70.5 88.8 6, 258. 0 80. 2 
Dust (material less than 
LOOCMIESID) Ro eee pec. 28.9 53.3 1,540.0 19.8 
inte te we Sa sting 2h 99. 4 78.4 7, 798.0 100.0 
Results of analyses: 
Crucible stock... --.: 70. 5 90.5 6, 380. 2 83.1 
DUISt as bee Als. 2 are 28.9 45.0 1,300. 5 16.9 
Potales sie oS 99.4 UU 7, 680. 7 100.0 


a Column 2 times column 3, 
> Results obtained by dividing figures in column 4 by sum total of column 4. 
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‘These results were exceptionally satisfactory. The grade of the 
coarse material was higher than the 90 per cent product required 
by the crucible makers, whereas the loss of less than 20 per cent 
of the total graphite in the original sample was lower than the loss 
in the finishing mills that are producing graphite of crucible grade 
from the Alabama concentrates. 

As already mentioned, the whole success of a finishing process de- 
pends on the removal of a large percentage of coarse hard impurities 
that tend to cause excessive destruction of valuable fiake in the buhr 
mill grinding. Such removal is, of course, the function of the elec- 
trostatic treatment, and the results prove how satisfactory such 
treatment was. | 

A test of the wet method was next made with 400 grams of sample 
2 concentrate. The material was ground with 600 c. c. of water for 
one hour and floated in the Callow pneumatic machine. The concen- 
trate from this treatment, when filtered and dried, contained 83 per 
cent carbon. This concentrate was put through the buhr mill, when 
the +100-mesh material was found to contain 90.3 per cent carbon. 
The recovery of the graphite was 80:2 per cent of the carbon in the 
‘original sample. Tabulated results follow. : 


Results of treating concentrates in pebble mill, flotation machine, and buhr mill, 


a 


F | 

Percentage,} Carbon Units of | Percentage 

Mesh. by weight, assay carbon, of total | 
iofeach size. | (per cent). | each size.a | carbon.b | 

















60... We teh fd ee ee a eee ce ee meee 
ons ey 1.2 | 88.6 106.00 1.29 
MEsg oes 5.9 | 94.0 554.00 | 6.70 
bhatt | 16.0 | 90.8:.|-.1,455.00 |. 17.61 
it) Wegeels Lee 24.8 | 93.0 2,305.00 | 27.94 
S00, suet! | 26.6 89.0 | 2,365.00 28.65 | 
Aad et 12.9 83.4 | 1,076.00 | 13.01 
S000 Bian.) 13.5 63.6.) 223.00 2.70 
boage |e tabi 10.1 17.4. 167.00 | 2.02 
Total. 100.0 82.5 | 8,251.00 | 99.91 
| 








«a Column 2 by column 3. 
»b Results obtained by dividing figures in column 4+ by-sum total of column 4. 


The following tabulation shows results based on the foregoing data: 


Selected data showing results of use of pebble mill, flotation machine, and 
buhr mill. 


Percentage| Carbon Units of | Percentage 
Material. of final assay carbon, | of original 
products. | (per cent). | each size.a | earbon.b 








Crucible stock (material 








over 100 miesh) 92222282222 woe 91.0 6, 690. 0 81.5 
Dust (material less than 100 

mesh )>. 8. 35525. eee 26.5 57.5 1,525.0 18.5 

Total eee. see 100. 0 82.5 8,215.0 100.0 








a Column 2 times column 3. 
b Results obtained by dividing figures in column 4 by sum totai of column 4. 
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As with the dry process, the success of this treatment depends on 
the removal of the coarse impurities before the final buhr-mill grind- 
ing, and such removal is accomplished by the grinding in the pebble. 
mill followed by flotation. 

Owing to the short time available for the graphite investigation 
it was impossible to test all the samples with the combination treat- 
ment, but there can be no doubt that the results of such treatment 
would check closely with the results already described. 


GENERAL SUMMARY AND DISCUSSION OF RESULTS. 


As a result of the investigations made to determine the most satis- 
factory methods of refining crude graphite concentrates, several im- 
portant facts were developed. 

Probably the most important of these is that each concentrate to be 
treated is a problem in itself, hence no treatment applicable to all 
kinds of concentrate can be prescribed. Such a limitation is due to 
the differences between the characteristics of the crude graphite flakes 
and those of their associated impurities. The most important charac- 
teristics that will affect the type of treatment to be applied are the 
hardness, toughness, diameter, and thickness of the flakes and their 
contents of interfohated impurities. The different physical properties 
affect the amount and intensity of the grinding necessary to remove 
the impurities without the destruction of too large a proportional 
amount of the large and more valuable flakes. 

Another important factor in determining a satisfactory finishing 
process is the kind of impurities that must be removed. When these 
impurities exist free from the flakes of carbon they can be removed, 
to a great degree, with a small loss of coarse carbon. When these 
impurities are soft and of small size they can be removed after a 
slight and nondestructive grinding operation, which will in all prob- 
ability cause a comparatively small loss of valuable flake. 

On the other hand, coarse, hard impurities are much more difficult 
to handle in a satisfactory manner. This type of material offers 
the greatest problem to the operator of the finishing mill. The re- 
sults obtained in the experiments indicate that the success of the . 
finishing process will depend on the success obtained in the removal 
of this sort of impurities at the earlier stages of the finishing opera- 
tions. 

The investigations have also brought out the fact that the buhr 
mill is a necessary apparatus in all processes for graphite finishing. 
The buhr mill separates the flakes into their constituent laminations 
and prepares them for the removal of the interbedded or inter- 
foliated impurities. 
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The aspirator and the pneumatic jig were found to have an ap- 
plication under certain circumstances. It was seen, however, that 
such apparatus can be considered only for preliminary treatment 
previous to the regular finishing process and should be used only 
for the removal of very coarse, hard, free impurities that are en- 
countered from time to time. 

The experiments proved fairly conclusively that the use of either 
the electrostatic separator or the pebble mill, followed by flotation, 
will be applicable to all types of concentrates produced in the Ala- 
bama fields. The material produced by either of these types of ap- 
paratus can be ground in the buhr mill with satisfactory results. 

The different processes of finishing graphite may be classified 
under two general heads—wet processes and dry processes. The de- 
cision as to which of the two should be used is dependent on the 
characteristics of the concentrates themselves. It is important that 
neither be adopted except after the necessary experiments and on the 
advice of an engineer thoroughly conversant with the problems to 
be encountered in the treatment of the particular concentrate in 
mind and with the economic conditions that will exist in the plant. 

It can be said that with rare exceptions a satisfactory crucible 
stock can be produced from all of the concentrates that are at present 
made from the Alabama ores, and that the recovery of -+100- 
mesh flake at the majority of finishing plants now operating can 
probably be improved. It should be possible to keep the recovery 
of material coarser than 100 mesh at 70 per cent of the total carbon 
in the original concentrates, and in many instances this can be in- 
creased to 80 per cent or more. These figures are sufficiently high 
to make profitable many of the plants that are not now operated 
except at a loss. 

In conclusion, it should be emphasized that the results obtained — 
in finishing the crude graphite concentrates are dependent largely 
on the character of the crude flake itself as contained in the ores. 
Moreover, mills that are producing a concentrate containing large 
tough flake in their concentrating plants, can also produce a satisfac- 
tory crucible stock at a profit from a finishing plant which has been 
- correctly designed and intelligently managed. The operator who is 
unfortunate in having to mine small, low-grade flake requiring a 
large amount of intensive grinding, and which is associated with a 
large quantity of coarse siliceous or micaceous impurities, is bound to — 
have difhculty in producing the required grade of crucible stock at 
a profit. 

As in all mining ventures, success or failure depends more on the 
character of the raw ore than on the treatment given the ore after 
it has been mined. 
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